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ABSTRACT 
As part of a larger research project, this multiple case study seeks to explore the efficacy 
of Women in S.T.E.M. intervention programs created to redress inequalities between men and 
women in S.T.E.M. majors.  The programs selected for this study are considered strategic 
research sites because they (1) claim to have a positive effect on the outcome of women; (2) 
operate two-fold by highlighting the problem as conceived by organizers and sponsors, along 
with their cultural assumptions, while also providing the solutions to the problem assumed; and 
(3) demonstrate the two major ways of thinking about the underlying issue, which are from an 
individual and institutional level. This study provides a lens for examining program theory, 
program design based on a feminist-based research framework, program success and challenges 
using qualitative methods. After conducting individual and cross-case analysis using deductive 
and inductive theme analysis across three cases, nine themes were identified based on program 
theory, program design, successes and challenges that relate to the efficacy of Women in 
S.T.E.M. intervention programs. Lastly, the themes are discussed in a broader sense of their 
implications for practice, research, and theory.  
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“In matters of truth and justice, there is no difference in small and large problems, for issues 
concerning the treatment of people are all the same.”- Albert Einstein 
 
“Where justice is denied, where poverty is enforced, where ignorance prevails, and where any 
one class is made to feel that society is an organized conspiracy to oppress, rob them, neither 
persons nor property will be safe.”- Frederick Douglass 
 
 
In recent years and months, there has been an outcry over justice and inequality 
beginning with Trayvon Martin, the grassroots movement for justice in the shooting of a 17-
year-old black male walking the streets in a neighborhood.  “Hands-Up; Don’t Shoot” protests 
after Mike Brown and Eric Garner were killed by police officers and movies like Selma have 
brought to the forefront the issues of black men, police, and justice.  More recently, former 
“educators” in Atlanta Public Schools were convicted on racketeering charges for cheating on 
standardized testing for personal incentives and bonuses while students were not afforded a 
proper education.  You may be asking how this relates to the topic of women in science, 
technology, engineering, and mathematics (S.T.E.M.) fields.  It relates because the uniting factor 
in the quotes above, the examples provided, and women in S.T.E.M. is justice and equality.  At 
the core of our society, we believe in justice and equality.  Our country’s Declaration of 
Independence states “that we hold these truths to be self-evident, that all men are created equal.”  
All men and women are equal, and when that equality is not acknowledged, and not distributed 
fairly, the foundation of our society cracks and becomes unstable.  
Education, which Horace Mann referred to as “the great equalizer,” has been proposed as 
a means by which to repair our society’s cracks for all people.  However, just as with the issues 
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we face in society education has failed in many regards to be “the great equalizer,” and has, in 
fact, perpetuated and replicated societal ills.  The underrepresentation of minorities and women 
in S.T.E.M. has been and continues to be an area in education where the fight for justice and 
equality persists. 
Opportunity, access, and attainment in higher education have been hallmarks of social 
mobility, more particularly; major selection in higher education plays a large role in influencing 
one’s mobility. Within education, there is a hierarchy of majors (George-Jackson, 2009).  The 
lack of women’s participation in S.T.E.M., especially, their lack of participation in “elite fields,” 
such as S.T.E.M., produce and perpetuate the existing segregation of women (Charles Bradley, 
2002; Fox et al., 2011); therefore, leading to occupation segregation which consists of disparities 
in earning, job autonomy, and occupational advancement (Fox et al., 2011).  
There are several disparities between women and men that may hinder women from 
attaining social mobility and financial security.  Three of those disparities are differences in 
family households, income/salary earnings, and degree attainment.  
Results from the 2010 U.S. Census showed greater rates of women with no spouse and 
children as compared to men.  Over 8.3 million women are the head of their household, without a 
spouse/partner, and have children, as opposed to 2.7 million men (see Appendix A).  With more 
women heading single-parent households, their earning potential becomes a critical factor in the 
stability of the family. 
According to the U.S. Bureau of Labor Statistics (2013), a greater percentage of women 
(29% women, as compared to 19% men) were employed in professional and related occupations 
in education and healthcare.  Only 9% of women, compared to 44% of men, worked in high-
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paying computer or engineering fields.  Education and healthcare jobs generally pay lower than 
computer and engineering jobs (see Appendix B). 
In the past 40 years, progress has been made to increase the representation of women in 
higher education, S.T.E.M. fields.  According to the National Center for Education Statistics 
(NCES, 2010), 57.2% of the bachelor’s degrees earned were by women, as compared to 43.4% 
by women 40 years prior to 2010 (see Appendix C).  However, in those “high-status, high-
profile” S.T.E.M. majors (e.g., computer science, engineering), the percentage of women 
attaining S.T.E.M. degrees is dismal.  According to NCES, women received only 17.2% of the 
degrees conferred in engineering and engineering technologies and 17.6% of those conferred in 
computer and information sciences (see Appendix D). 
To redress the issues of inequality and inequity for women in S.T.E.M., taskforces at 
institutions of higher education have been created at many universities, including Harvard, 
Stanford, and Massachusetts Institute of Technology. Many other institutions have developed 
women in S.T.E.M. intervention programs as a potential solution.  These programs consist of 
activities such as mentoring, tutoring, and residential life activities as a means of addressing 
individual and structural issues that may cause women’s lack of representation and persistence in 
S.T.E.M.  Even though these programs exist, there is little empirical evidence of the 
effectiveness of such programs (Tsui, 2007).  The empirical evidence is mostly quantitative in 
nature, determining programmatic success and persistence by looking at the number/percentage 
of women in S.T.E.M. who complete their bachelor’s degree.  However, without a better 
understanding of the program theory and program design, the effectiveness of a program is 
difficult to determine.  Using a qualitative approach to explore program theory, program design, 
and success of women in S.T.E.M. intervention programs, this research project seeks to 
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understand how the issue of women’s underrepresentation in S.T.E.M. has been addressed and to 
better inform programs and policies related to women in S.T.E.M. 
Background of the Problem 
 
In President Obama’s 2011 State of the Union Address, he spent a large portion of his 
speech addressing the United States’ global positioning, specifically from technological and 
educational points of view.  In his address, President Obama stated, “We need to out-innovate, 
out-educate, and out-build the rest of the world” (2011).  Around 510,000 students representing 
65 countries took part in the Program for International Student Assessment (2012), a triennial 
international survey that aims to evaluate education systems worldwide by testing the skills and 
knowledge of 15-year-old students in reading, math, and science. The American sample 
consisted of students from Connecticut, Florida, and Massachusetts.  According to Kelly et al. 
(2013), in a ranking of developed countries, the United States ranked 20th in reading, 21st in 
science, and 29th in mathematics. In order to, “out-innovate, out-educate, and out-build,” 
President Obama discussed preparing 100,000 new teachers in the fields of science, technology, 
engineering, and math; educating our children with a greater emphasis on S.T.E.M.; and 
preparing the next generation to work in a technology-based global economy.  His sentiments 
reflect those of many researchers and organizations over the last 40 years.  The difference 
between President Obama’s speech, the researchers, and the organizations is the recognition of 
underrepresented minorities and their contributions to the S.T.E.M. fields.  President Obama did 
not mention the disparities in educational access and opportunity for underrepresented 
minorities.  Kelly et al. (2013) studied global gender disparities, and their results mirrored 
S.T.E.M. patterns in the United States. According to Kelly et al., boys, globally, outperformed 
girls in mathematics; however, there were no significant differences between girls and boys in 
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science performance. Also, 14% of women who entered a college or university for the first time 
in 2012 chose science-related fields, including engineering, manufacturing, and construction; by 
contrast, 39% of men who entered a college or university in 2012 that year chose to pursue one 
of those fields of study.  President Obama failed to not mention that to “out-innovate, out-
educate, and out-build” other countries, we must first close the disparities in minority students’ 
and women’s representation in S.T.E.M. education and the S.T.E.M. workforce as evidenced by 
the work done by PISA.  
Since the 1970s and the boom of the feminist movement, the underrepresentation of 
women in science and engineering fields has been an area of concern for two reasons.  First, the 
social equity issue of gender stratification in science and engineering reproduces the gender 
stratification issues in society.  Second, the human capital perspective highlights the beliefs that 
women are underutilized in the S.T.E.M. fields and that the inclusion of women is necessary to 
sustain growth in a technological global economy.  There has been an increase in the number of 
women receiving undergraduate degrees over the past 40 years; however, the number of women 
in S.T.E.M. fields remain significantly lower than their male counterparts (Baxter, 2010; 
Ramirez & Wotipka, 2001). 
On the national level, organizations and foundations like the National Science Foundation 
(NSF) and the National Institutes of Health have made major investments in programs to 
increase the participation of women and minorities in S.T.E.M.  These organizations have 
created programs such as Minority Access to Research Centers the Minority Biomedical 
Research Support and the Integrative Graduate Education and Research Traineeship to increase 
the number and competitiveness of underrepresented students and faculty in S.T.E.M. 
(Understanding Interventions, 2008).  If not for the creation of programs such as these, there 
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would be an even wider disparity in access, opportunity, participation, and retention of women 
and minorities in S.T.E.M. fields. 
Statement of the Problem 
Historically, women have been discriminated against in science fields.  Early feminist 
research in science initially began with a focus on the absence of women in S.T.E.M. majors.  
Now, the focus has shifted slightly to include their lack of representation in science careers 
(Brickhouse, 2001).  The role of feminist theories in S.T.E.M. has been critically important for 
calling attention to the gender issues within the field (Brickhouse, 2001).  There has been notable 
research conducted examining the differential treatment of men and women in classrooms, 
departments, colleges, and universities as a chilly climate for women (Drew & Work, 1998; 
Sandler, Silverberg, & Hall, 1996). A consequence of this chilly climate, women have not been 
able to fully participate and benefit from the S.T.E.M. learning process and experience (Drew & 
Work, 1998).  
Gender segregation and disparity in S.T.E.M. were decreasing until 1975, when gender 
segregation in these fields increased and stabilized (Buchmann, 2009; Turner & Bowen, 1999).  
Since 1975, women have enrolled in higher education at an overwhelming rate; however, the rate 
for women with intentions of pursuing a degree in S.T.E.M. is disproportionately low for the 
overall number of women who have enrolled in college.  From 2001 to 2008, over nine million 
women were enrolled in undergraduate study (NSF, 2011).  In 2008, 29.5% of freshmen women 
intended to major in a science or engineering field, with 23% majoring in a biological or social 
science (NSF, 2011).  According to National Science Board Science and Engineering Indicators 
2012, “Women have earned about 57% of all bachelor’s degrees and half of all SE bachelor’s 
degrees since the late 1990s (pg. 2-4).” Even though women have garnered more than half of the 
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bachelor’s degrees in science and engineering during that time frame, there is great variation in 
degree attainment by field (Buchmann, 2009).  In general, men earn most bachelor’s degrees in 
engineering, computer sciences, and physics.  More women than men earn degrees in chemistry, 
biological sciences, agricultural sciences, social sciences, and psychology.  The issue is not that 
women are not enrolling in college or in all S.T.E.M. fields; the issue is the great disparity 
between men and women in high-status, high-profile fields such as engineering, technology, and 
mathematics. The National Science Foundation (2014) categorized the science and engineering 
hierarchy into three fields of study: science, engineering, and social/behavioral science.  The 
hierarchy of “high-status, high-profile” S.T.E.M. was characterized by academic rigor, salary 
upon degree completion, and high capacity for innovation. 
George-Jackson (2009) found that upon initial major declaration, 79% of male students 
mostly comprised high-status, high-profile fields, identified as physical science, computer 
science, math, and engineering (PSCSME)versus 21% women. However, of those students who 
initially declared a high status, high profile major as a freshman, 42% were men as compared to 
11.5% of women.  For agricultural and biological sciences (ABS), the numbers are quite 
different, with 60% of women versus 40% of men initially declaring an ABS major.  George-
Jackson also found that of students who initially began college in PSCSME, a higher percentage 
of men have persisted through to degree completion as compared to women (75.2% versus 64%, 
respectively).  A slightly higher percentage of women persisted in ABS as compared to men 
(57.5% versus 51.2%).  A much larger percentage of women who began in health science and 
psychology (HSP) persisted in their original major as compared to men, with 54.5% of women 
and 32.9% of men persisting and obtaining degrees in HSP.  Overall, George-Jackson’s (2009) 
findings are consistent with the data gathered by the National Science Board regarding initial 
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major choice and persistence.  Therefore, we can conclude that women do select and persist in 
S.T.E.M., in the broadest sense of the definition; however, for those “high-status, high-profile” 
fields that yield higher rates of social mobility, the gap persists.  
There are several explanations for the underrepresentation of and lack of women 
persisting in “high profile, high status” S.T.E.M. fields.  According to Clewell and Campbell 
(2002), there are four theories, which I refer to as difference-based theories.  Four categories of 
theories undergird their conceptual framework and focus mainly on the differences between men 
and women in S.T.E.M.: testing-based theories, biologically based theories, social-psychological 
theories, and cognitively based theories.  The theories most commonly accepted by researchers 
are the testing-based and cognitive-based theories.  Similarly, to the work explaining the 
underrepresentation of racial/ethnic minority groups in S.T.E.M, women’s underrepresentation is 
also largely explained through testing-based and social-psychological theories.  The testing-
based theory explores gender differences in testing format and content as a factor of differences 
in academic achievement (Clewell & Campbell, 2002).  As part of the testing-based theory, 
stereotype threat is a key concept used to explain gender differences in S.T.E.M. achievement.  
Stereotype threat has been used to understand and explain racial differences in S.T.E.M. 
representation and persistence (Russell & Atwater, 2005; Seymour & Hewitt, 1997).  Social-
psychological theory deals with women’s perceptions of S.T.E.M. and of themselves as 
practitioners, which is like the self-efficacy and science identity argument for 
underrepresentation and persistence (Hunter, Laursen, & Seymour, 2006; Pajares, 2005; Zeldin 
& Pajares, 2000). 
Blickenstaff (2005) conducted a comprehensive literature review to explore explanations 
for women’s underrepresentation and lack of persistence in S.T.E.M. using the “leaky pipeline” 
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(p. 369) as a metaphor for better understanding the process by which students travel through 
S.T.E.M. from secondary education on into their career.  According to Blickenstaff, the pipeline 
leaks students at various stages; however, through “separate but related factors,” (p. 369) a 
disparity between men and women in S.T.E.M. occurs.  Those factors include biological 
differences, lack of academic preparation, attitude toward science, absence of science role 
models, irrelevant science curricula, science pedagogy, climate, cultural pressure, and masculine 
view in scientific epistemology.  A few of these factors overlap with the difference-based 
theories proposed by Clewell and Campbell (2002), such as biological differences, academic 
preparation, and attitude toward science.  Science curricula, science pedagogy, climate, cultural 
pressure, and the masculine view in scientific epistemology suggest that structural factors, as 
opposed to individual factors, have an impact on women leaking from the pipeline.  Blickenstaff 
notes that “no one in a position of power along the pipeline has consciously decided to filter 
women out of the S.T.E.M. stream” (p. 369).  While there may not be any malicious intent to 
create filters along the pipeline, the filters exist and continue to contribute to filtering women out 
of the S.T.E.M. Historically, women in higher education and women in S.T.E.M. have been 
discriminated against, and the pipeline metaphor provides an explanation for how and where 
discrimination happens to women as they progress through S.T.E.M. education and careers. 
There have been numerous literature reviews and studies seeking to explain the 
underlying assumptions and theoretical underpinnings of these Women in S.T.E.M. intervention 
programs. Some of those reviews discuss student attrition and student departure models (Bean, 
1980; Eaton & Bean, 1995; Tinto, 1975, 1982, 1988, 1998), feminist theories (Rosser, 1998), 
difference-based theories (Clewell & Campbell, 2002), pipeline theories (Blickenstaff, 2005), 
and informal theories which are described as assumptions of the issues by the program founders’ 
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and directors (Fox et al., 2011). Interventions were based on theories to increase women’s 
representation and persistence in S.T.E.M.  Women in S.T.E.M. programs1, for example, have 
been created as an institutional response to redress inequities and close the disparity between 
women’s and men’s initial major choice and persistence in S.T.E.M. fields with the support of 
national organizations, colleges, and universities. 
Historically, university bylaws have prevented women from entering science graduate 
programs, taking science courses, and working in science research laboratories (Weisgram & 
Bigler, 2007).  While these forms of discrimination may not be practiced today, other forms of 
discrimination are still prevalent, such as lower salaries and less laboratory space for women 
faculty (Harvard University, 2005; MIT, 1999; Princeton University, 2003; Weisgram & Bigler, 
2007).  Women undergraduate and graduate students face discriminatory practices in the form of 
lack of women faculty to serve as mentors and lack of research opportunities (Harvard 
University, 2005).  National organizations, foundations, and colleges and universities have 
recognized the need and necessity for Women in S.T.E.M intervention programs (Sonnert, Fox, 
& Adkins, 2007).  In response, many institutions created task forces to examine the conditions of 
women students and women faculty in S.T.E.M. programs.  In the early 2000s, universities such 
as Princeton, Harvard, and Massachusetts Institute of Technology created independent, unrelated 
task forces to examine the limited progress they had made to address the underrepresentation of 
women in science at the undergraduate, graduate, and faculty levels.  In the Harvard University 
Task Force Report, two separate task forces—the Task Force on Women Faculty and the Task 
																																																								
1 “Women in S.T.E.M. programs” is an inclusive term referring to programs designed for women in any 




Force on Women in Science and Engineering —were developed with the purpose of “reducing 
barriers for the advancement of women faculty” (Harvard University, 2005).  These two task 
forces looked at the efforts of other universities and prior studies at Harvard to formulate five 
recommendations for addressing the issue: (1) sustaining commitment with a focus on 
undergraduates, (2) mentoring and advising, (3) enabling science careers in the context of family 
obligations, (4) faculty development and diversity, and (5) miscellaneous environment factors.  
Within each category was a list of more directed recommendations, the highest recommendations 
falling within the first two categories of sustaining a commitment and mentoring and advising.  
Most notably, Task Force on Women Faculty and the Task Force on Women in Science and 
Engineering recommended three top priorities for change: (1) create study centers in the pivotal 
science concentration courses, (2) develop the Harvard Undergraduate Summer Scientific 
Research opportunities, and (3) improve the environment in science departments.  The task force 
reports highlighted the issues while also suggesting solutions for addressing the issues. 
Intervention programs were identified in reports as a widely-used mechanism for addressing 
women’s lack of representation and persistence has been intervention programs for women in 
S.T.E.M.  
Women in S.T.E.M. intervention programs are unique because they can also be 
considered strategic research sites.  According to Sonnert et al. (2007), these programs are called 
“strategic research sites” because they refer to research sites that exhibit in an accessible form, 
the phenomena to be explained or interpreted (Merton, 1973).  Women in S.T.E.M. programs are 
considered strategic research sites because they (1) claim to have a positive effect on the 
outcome of women; (2) operate two-fold by highlighting the problem as conceived by organizers 
and sponsors, along with their cultural assumptions, while also providing suggested solutions to 
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the assumed problem; and (3) demonstrate the two major ways of thinking about the underlying 
issue, which are from individual and institutional levels.  Viewing Women in S.T.E.M. 
intervention programs as strategic research sites provide a framework for selecting the programs 
chosen for this study. 
This study seeks to understand the program theory guiding Women in S.T.E.M 
intervention programs.  A program theory approach is traditionally used in the field of evaluation 
to determine how a program works.  Program theory can include the identification of 
assumptions that underpin a program (Lawless, Baun, Delany-Crowe, MacDougall, Williams, 
McDermott, & van Eyk, 2018) and is way of modeling a program by including underlying 
assumptions and perceptions regarding an issue. The intention of the program theory is to 
understand the theory or model of an intervention, such as a program, that contributes to 
outcomes (Funnel & Rogers, 2011; Naimoli, Frymus, Wuliji, Franco, & Newsome, 2014). For 
the purposes of this study, program theory will not be used as a methodology, but rather as a way 
of describing the theories and activities of the program and how the program causes intended and 
observed outcomes (Rogers, Petrosino, Huebner, & Hacsi, 2000).  
Feminist research brought issues of gender and science to the forefront. Researchers 
identified three generational waves of research (Brotman & Moore, 2008; Parsons, 1999). 
Through Brotman and Moore’s (2008) extensive literature review about gender and science four 
themes were identified: equity and access, curriculum and pedagogy, the nature and culture of 
science, and identity. These four themes provide a framework for understanding how programs 
address women’s persistence, what strategies or activities are implemented, and how success is 
defined. This study uses a feminist-based research framework to understand how programs 
address program theory.  
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Numerous studies examining program design and strategies have addressed the assumed 
individual and structural issues concerning women in S.T.E.M. (Allen, 1999; Clewell, Anderson, 
& Thorpe, 1992; Sonnert et al., 2007; Tsui 2007). Research suggests that S.T.E.M. enrichment 
(intervention) programs have positive effects on student performance, degree completion, and 
interest in science (Merolla & Serpe, 2013). However, in terms of program success and 
effectiveness, there is little empirical research to back the anecdotal claims of program success.  
These programs have existed for a while, but there is limited understanding of their underlying 
theories, their implementation, and their success and effectiveness from an empirical standpoint 
(Tsui, 2007).  This study seeks to unearth the program theory behind such programs, identify 
common program designs, and explore the claims of programmatic success for women in 
S.T.E.M. programs through a qualitative methodology.  
Research Questions 
With growing concern for innovation and diversity within the S.T.E.M. fields and the 
disparities between men and women in S.T.E.M. initial major choice and program persistence, an 
examination of the programs designed to redress these inequities is necessary.  This study seeks 
to add some understanding of the underlying assumptions and theories, program design based on 
a feminist-based research model, and successes of women in S.T.E.M. intervention programs as 
outlined by feminist research.  Specifically, this study will investigate the following questions: 
1. What is the program theory (underlying assumptions, goals, activities, and outcomes) 
of each S.T.E.M. strategic research site from the perspective of the program 
administrators/directors? 
 
2. To what extent are the four themes as identified through feminist-based research 
framework (equity and access, curriculum and pedagogy, nature of science, and 




3. How does each strategic research site account for successes and challenges in the 
persistence of women in the field of S.T.E.M.? 
 
This study proposes that by examining the programs designed to address issues of 
women’s underrepresentation and persistence from the program administrator perspective, 
insight will be gained into the alignment of program theories, program design, and program 
success.  By examining this alignment, policy makers and program administrators can better 
determine the types of services, activities, and support needed to encourage women’s interests, 
abilities, and persistence in S.T.E.M.  
Significance of Study 
A careful review of the research regarding S.T.E.M. intervention programs reveals that 
there is a definite lack of empirical work in this area, which supports anecdotal claims of 
program effectiveness and success (Tsui, 2007).  Tsui (2007) notes that many S.T.E.M. 
intervention programs do not report evidence of program effectiveness.  Consequently, it is 
difficult to determine whether intervention programs produce any positive effects in narrowing 
the gap between men and women in S.T.E.M. (Clewell & Campbell, 2002).  We are now in a 
culture of accountability where quantifiable measures indicating success are needed to determine 
the value of a program.  The shift toward accountability has inadvertently displaced the why, 
how, and what of programs; this information can only be acquired through qualitative means.  
Numbers are useful, but they do not provide us with the detailed understanding of the underlying 
issues and the effectiveness of solutions put in place to address those issues (White, Altschuld, & 
Lee, 2008).  Quantitative studies miss the lived experiences of those most closely involved in a 
program—which, for this study, are the program directors and administrators.  The quantitative 
studies have not addressed the underlying theories, values, and observed successes; this study 
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gives voice to those “untold stories” of program development, implementation, and success.  
Effectiveness and success can be measured in multiple ways to counter the normative way of 
describing a program’s value solely through quantitative methods. 
This research provides a lens for examining program theory, program design, and 
program success from a qualitative angle, thereby providing texture to the normative story 
presented solely by looking at statistics.  Clewell and Campbell (2002) make the following 
assertion: “[More] resources need to be allocated to do well-controlled studies to determine the 
impacts of various strategies on long-term student outcomes.  They must examine not just what 
works but what works for whom” (p. 278).  This project contributes to the body of research into 
what works and why it may work, adding evidence for the effectiveness of women in S.T.E.M. 
intervention programs. 
 The goal of this study is to add a new perspective to understanding the proposed solutions 
to gender discrimination and inequality in S.T.E.M. by privileging the voices of program 
administrators who make a daily investment into such programs.  Also, considering that the 
programs selected to participate in this study are also “strategic research sites,” the program 
administrators’/directors’ voices are the primary method for understanding programs. Two 
criteria for strategic research sites is that the problem is conceived by organizers or sponsors 
(e.g., administrators or directors) and that solutions to the problem are provided by them.  An 
additional goal is to provide more evidence for demonstrating program efficacy and effectiveness 
by linking program success to the underlying program theories. 
 This study will be presented in five additional chapters: Chapter Two, the literature 
review, provides a discussion of the key issues related to women’s underrepresentation in 
S.T.E.M.  In Chapter Three, the methodology for this study will be explained. As this study is a 
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qualitative study, a deeper discussion of the setting, types of data, and methods is necessary. In 
Chapter Four, the results for the within-case analysis will be presented. Chapter Five discusses 
the cross-case analysis and theme analysis. Chapter Six provides further discussion of the results 
and limitations of the study. 
 Chapter Two provides a synthesis of the literature and research related to key issues, 
factors, and theories related to women’s underrepresentation in S.T.E.M.  The chapter begins 
with a discussion of the context of gender discrimination and inequality in higher education 
(specifically, S.T.E.M.), theoretical factors for explaining women’s underrepresentation, 
institutional responses to gender inequality and underrepresentation factors, types of S.T.E.M. 
intervention programs based on their program theory, and the efficacy of such programs.  The 







There are two primary reasons why S.T.E.M. fields serve as an effective case study for 
understanding the relevant issues and finding workable solutions.  First, Derber, Schwartz, & 
Magrass (as cited in Fox et al, 2011) noted S.T.E.M. fields—mostly those high-status, high-
profile fields like engineering and computer science—are considered influential and powerful 
because they embody authoritative knowledge.  This authority is what allows advances in 
scientific and technological fields to shape and influence society.  Additionally, the gender 
disparities in high-status, high-profile fields are substantially higher than they are in other 
science fields.  Therefore, while these fields exemplify gender stratification within higher 
education, these fields also legitimate and support gender stratification we see in society (Fox et 
al., 2011).  This chapter will provide a synthesis and critique of literature that discusses program 
theory, the context of gender and science, the social process that allows gender discrimination 
and inequality to exist in S.T.E.M., individual and structural factors that influence women’s 
underrepresentation in S.T.E.M., institutional responses to women’s underrepresentation, and 
efficacy of S.T.E.M. intervention programs that have been designed to redress inequities. 
The use of the terms girls and women will be used interchangeably at points, as well will 
the terms boys and men.  Girls and boys will be referenced when discussing pre-college 
experiences and factors, while women and men will be used when discussing postsecondary 
factors and experiences.  This discussion also addresses issues of gender, not sex.  Gender is a 
socially constructed term and refers to a set of traits, behaviors, and expectations, as opposed to 




Program theory has its origins in the evaluation as an approach for how and why various 
stakeholders believe program activities lead to success. As an evaluation approach, program 
theory evaluation became notable in the 1990s (Coryn, Noakes, Westine, & Schroter, 2011). 
Program theory can be defined as “a specification of what must be done to achieve desired goals, 
what other important impacts may also be anticipated, and how these goals and impacts are to be 
generated” (Chen, 1990, pp. 9-10).  Evaluators recommend making the underlying assumptions 
about how programs are expected to work explicit, which is the program theory (Rogers, 
Petrosino, Huebner, & Hacsi, 2000).  Using a program theory, the assumptions, values, and 
perspectives held by stakeholders are articulated through the process (Greene, DeStefano, 
Burgon, & Hall; 2006).   
Program theories are typically represented as a graphical diagram that specify 
relationships among programmatic actions, outcomes, and other factors (Coryn et al. 2011). 
Graphical representations vary widely in their complexity and level of detail but often contain 
the same elements: inputs, activities, outputs, and outcomes. Inputs are those tools, stakeholders, 
resources necessary to implement a program. These resources can be with human, physical, or 
financial, in matter. Activities are actions implemented to reach the desired outcome of the 
intervention program. Outputs are the immediate result of the activity. Outputs are typically 
quantitative (e.g., number of participants). Outcomes are the anticipated changes that occur either 
indirectly or directly because of the inputs, activities, and outputs, for example, increased women 
persistence in S.T.E.M majors (Coryn et al. 2011).  
A program theory can be defined before program implementation or during the program 
(Rogers et al., 2000) and can help the program track the linkages between program activities and 
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expected outcomes (Brickman, 2000).  As an evaluation approach, program theory describes 
how a program is supposed to be effective, what components of the program should be retained, 
changed, or abandoned (Hasci, 2000).  In a program evaluation, program theory is an approach 
that can articulate and test the underlying assumptions about why and how a program should 
work (Petrosino Rogers et al., 2000). This study is not an evaluation of Women in S.T.E.M. 
intervention programs because there is not a judgment of programmatic worth or merit, nor does 
it look to suggest programmatic improvement based on findings. Program theory is simply used 
as an approach to understanding the assumptions, design, and outcomes of the program. For the 
purposes of this study, program theory will be used to describe underlying assumptions, goals, 
activities, and outcomes, not as a program evaluation approach. 
There are potential sources of program theory. Patton (2008) one of three sources for developing 
a program theory: deductive (i.e. scholarly theories), inductive (i.e. the theories grounded in 
observation of the program), or user-oriented (i.e., stakeholder-derived theories) approaches to 
developing a program theory. For the purposes of this study, the program theory is examined 
largely through deductive sources from feminist research on gender and science and user-
oriented sources from program administrators/directors. The next section will describe the 
deductive sources for examining program theory. 
Gender and Science  
 Chapter One provided a brief discussion of how universities like Harvard have conducted 
taskforces to explore issues related to and provide recommendations for addressing the lack of 
women in S.T.E.M.  Larry Summers, former president of Harvard, discussed such issues during 
his keynote speech at the National Bureau of Economic Research in 2005.  During this speech, 
he stated that women’s underrepresentation, especially in tenured positions, was a subject he 
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gave much thought. He provided three explanations for women’s underrepresentation in 
S.T.E.M.: (1) high-powered job hypothesis, (2) aptitude differential, and (3) different 
socialization and patterns of discrimination.  He then proceeded to rank their importance in the 
same order, Summers said: “To my best guess, to provoke you, of what's behind all of this is that 
the largest phenomenon, by far. . . in the special case of science and engineering, there are issues 
of intrinsic aptitude, and particularly of the variability of aptitude, and that those considerations 
are reinforced by what are in fact lesser factors involving socialization and continuing 
discrimination.”  Summers’s statement perpetuated the ideological belief that difference in 
aptitude between men and women is a primary underlying cause for women’s 
underrepresentation.  His comments outraged the higher education and S.T.E.M. communities 
and provide further support for the importance of understanding all the underlying issues and 
solutions to redress discrimination and injustice in S.T.E.M.  The American Association for the 
Advancement of Science (AAAS) responded to Summers’s speech by saying, “We wish to make 
clear that while historically, gender has predicted participation in SE careers, there is no 
evidence—nor has there ever been—that it predicts aptitude in science” (AAAS, 2005).  The 
feminist movement helped to bring these issues of women in science to the forefront to debunk 
any myths or misguided explanations. 
Feminist –Based Research Framework for Women in S.T.E.M. 
Underlying the issues of gender and science are the different phases of feminism that 
addressed critical issues of inequality and inequity in S.T.E.M.  Feminist research was critically 
important for establishing the significance of gender issues in S.T.E.M. (Brickhouse, 2001).  
Researchers have identified three waves/generations of feminism or feminist perspectives that 
coincide with the patterns of women’s underrepresentation in S.T.E.M. (Brotman & Moore, 
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2008; Parsons, 1999).  Parsons (1999) used a historical perspective from Kristeva (1982) to 
describe the three generations of feminism that influenced the research on gender and science.  
The first generation, liberal feminism, sought to create equality between women and men.  The 
second generation, difference feminism (as coined by Howes, 2002), acknowledges different 
ways of knowing or reconstructing knowledge.  Parsons points out that during this generation 
women began to embrace their own unique qualities, with an emphasis on bringing those 
qualities into a public space.  In critical feminism, the third generation, women critique what was 
accomplished in the first two generations, with a focus on the intersections of race, ethnicity, and 
class.  A basis knowledge of the three generations of feminism is important for understanding the 
historical and theoretical framework used to explain the issues and challenges surrounding the 
inequalities and disparities of women in S.T.E.M. 
There were two ideological shifts occurring simultaneously alongside the three 
generations of feminist thought in S.T.E.M.  The first shift was a shift from individual to 
structural factors that influence gender and science (Brotman & Moore, 2008; Scantlebury & 
Baker, 2007).  This shift occurred when researchers decided to examine the ways in which 
school science needed to change, as opposed to thinking the girls themselves needed to change. 
Prior to the shift, the deficit model was well accepted for girls in science until the 1980s as an 
acceptable approach to understanding girls’ engagement in science.  The 1990s was considered 
the “breakthrough” decade for gender and science; during this time, there was an official 
recognition that gender is a critical issue in science education (Baker, 2002).  During the 1990s, 
the approach to gender and science had a critical lens. The critical lens addresses more than 
“gender” which is a term that has been whitewashed to seemingly only include white women, 
instead, looking at women’s identity and science by examining gender and intersections of race, 
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class, and ethnicity (Brotman & Moore, 2008).  These ideological shifts align with the first and 
third waves of feminist thought regarding women in S.T.E.M. and suggests the question of which 
came first—the research or the ideological shift? The answer is unknown, but both aspects are 
complimentary in helping to understand the ways in which the issues related to women have 
been analyzed and addressed. 
The generational waves in feminist research and the ideological shifts work together to 
provide a foundation for framing the four themes that are persistent in gender and science 
research.  The discussion of gender and science will follow four themes that have been identified 
through Brotman and Moore’s (2008) extensive literature review on the subject: equity and 
access, curriculum and pedagogy, the nature and culture of science, and identity.  Even though 
Brotman and Moore focused their study on K-12 experiences of girls in science, their approach 
to answering the question of why and how to meaningfully engage women in science is also 
valid for understanding women in science in a postsecondary environment.  
Equity and Access 
In the earliest forms of feminist research in gender and S.T.E.M., the primary focus was 
on getting more girls into science by providing them with opportunities to engage with adults 
regarding science (Brickhouse, 2001).  The role of equity and access for women in S.T.E.M. falls 
along these same lines, with the purpose of ensuring that women have equity opportunity and 
access to S.T.E.M. education discussed in the first generation of feminist S.T.E.M. research, 
liberal feminism.  In this theme, the focus is on the absence of women in the sciences, gender 
disparities, gender inequities, and providing equitable opportunities to engage women.  Equity 
and access issues have largely been framed as gender differences between women (girls) and 
men (boys) (Malicky, 2003).  These differences have been described in terms of differential 
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treatment, ability, attitudes, achievement, and participation in S.T.E.M. (Brotman & Moore, 
2008; Malicky, 2003).  A more detailed account of the measures of equity and access will be 
provided later as the research on women’s pre-college and postsecondary experiences is 
discussed.  It is important, however, to highlight that much of the discussion about women’s 
underrepresentation has been framed around the differences between women and men to create 
equitable experiences.  
Curriculum and Pedagogy 
The theme of curriculum and pedagogy also coincides with the first and second 
generations of feminist research in S.T.E.M.  This theme emphasizes the need to change 
S.T.E.M. curriculum and pedagogy so that it is more inclusive of the learning styles, experiences, 
and interests of women (Brotman & Moore, 2008).  Science pedagogy can include beliefs and 
actions about who can learn science (namely, men) and reinforce any negative attitudes women 
may have about science (Blickenstaff, 2005).  In the studies examined by Blickenstaff (2005), 
one finding highlighted the point of student-teacher interactions differing for men and women.  
Teachers tended to engage male students more by asking follow-up questions and discussing 
their work, whereas women were complimented on the appearance (i.e., neatness) of their work, 
not on their understanding of material.  
There is currently a call for curriculum and pedagogy to be more “gender inclusive.”  A 
gender-inclusive pedagogy would draw upon the experiences of both women and men by 
prioritizing active participation; providing long-term, self-directed projects; giving open-ended 
assessments; encouraging collaboration and support; including real-life contexts; addressing the 
relevance of S.T.E.M. in society; and paying attention to sexism and gender bias (Brotman & 
Moore, 2008).  Research seems to support this approach for teaching S.T.E.M.-related courses, 
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as a hands-on, laboratory learning approach has been shown to be helpful for both women and 
men.  Project-based or inquiry-based projects are categorized by extensive student-directed 
scientific inquiry supported by technology and collaboration.  Schneider, Krajcik, Marx, and 
Soloway (2002) used a sample from the National Assessment of Educational Progress (NAEP) 
science test to determine whether students who receive an inquiry-based science curriculum 
perform as well as other students nationally on achievement tests.  Students included in the study 
were white, middle to upper class students in a Midwestern town. Results from the study showed 
that students who participated in project-based science scored higher overall than students who 
did not participate.  Although the study did not disaggregate results by gender, it is important to 
highlight the use of a curriculum that is self-directed by students with a focus on collaboration, 
particularly since gender-inclusive pedagogy is reliant upon the same pedagogical foundation.  
Other researchers, such as Von Secker and Lissitz (1999), reviewed project-based inquiry as a 
gender-inclusive pedagogy. Von Secker and Lissitz sought to provide a baseline evaluation of 
whether teachers’ decisions to implement the specific instructional emphases recommended in 
the National Science Education Standards, such as student-centered instruction, would be 
associated with science achievement and equity.  This was one of the first studies to examine 
gender, race/ethnicity, SES, and achievement with project- or inquiry-based curriculum using the 
National Educational Longitudinal Study (NELS) data.  Von Secker and Lissitz found that a 
focus on inquiry-based curriculum did promote higher achievement, although there were no 
significant gender differences.  According to Brotman and Moore (2008), these findings need to 
be confirmed by a more rigorous approach; however, an argument can still be made that a more 
gender-inclusive pedagogy with a focus on active participation and hands-on experience would 
go a long way in making S.T.E.M. more approachable for women. 
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Nature and Culture of Science 
The nature and culture of science is the second theme, and it coincides with the second 
generation of feminist research, difference feminism.  This theme focuses is on reconstructing 
how science is portrayed, viewed, and defined in schools and society (Brotman & Moore, 2008).  
A large issue regarding the nature and culture of S.T.E.M. is the idea that S.T.E.M.-related 
subjects are primarily (or only) for men (Kelly, 1987).  The viewpoint that science is masculine 
has been long held because of the historical dominance of men in S.T.E.M., as well as cultural 
references that reinforce the idea that S.T.E.M. fields are for men because masculinity is seen as 
objective and rational, which are traits associated with S.T.E.M. fields (Brotman & Moore, 
2008). Chen & Soldner (2013), noted that students’ experiences or perceptions of institutional 
climate may be related to S.T.E.M. attrition, especially for women, because of the competitive 
climate and perceived discrimination based on gender. 
Gilbert (2001) aimed to deconstruct two categories of women and science as “A/not-A.”  
Gilbert’s argument is that it is not only or necessarily the culture of science, but also the 
meanings we give to the terms women and science, that reproduces the issues of women’s 
underrepresentation in science.  Science is considered to be “A” because it is aligned with 
rationality, reasoning, and masculinity, whereas women are designated as “not-A” because 
femininity, nature, irrationality, and emotions function as the opposite of “A.”  The setup of this 
deconstruction presented women and science as mutually exclusive; if femininity is the opposite 
of masculinity, then women must also be mutually exclusive of science (Blickenstaff, 2005; 
Brickhouse, 2001; Gilbert, 2001).  Gilbert argues that not all characteristics of “A” are masculine 
or scientific; likewise, not all “not-A” characteristics are feminine or not scientific. One 
limitation of Gilbert’s article is that it is purely theoretical in nature; it does not include empirical 
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data.  However, it does raise new theoretical questions and a different lens for examining the 
culture of science by deconstructing the constructs of both women and science.  The in culture of 
science, scientists have been taught to value the rational over the irrational, which could 
contribute to the issues faced by women in S.T.E.M.  It would be beneficial to not see science 
and women as two mutually exclusive concepts. 
Johnson (2007) conducted a qualitative study using 12 women in science majors (both 
undergraduate and graduate) as participants.  These participants, all women of color, were 
watched as they reacted to their science courses.  The study was based on the research of 
educational anthropologists who suggest that women do not participate in science because of the 
culture of university science departments, not because of any unequal aptitude.  The study found 
three practices of science departments that were discouraging to women of color: large lecture 
classes, asking and answering questions in class, and engaging in research as undergraduates.  
Two cultural values negatively impacting women of color and their participation in science were 
also identified: a narrow focus on decontextualized science and the construction of science as a 
gender-, ethnicity-, and race-neutral meritocracy. Triangulation and member checking were to 
validate the study. The small sample size and limited qualitative methods employed (students 
were only interviewed one time) call into question the reliability of the study’s finding about the 
culture of science.  Findings from this study lean heavily on the individual’s experience, and 
some of those experiences contradict each other. Johnson (2007) raises issues of identity and 
self-efficacy as factors that have more relevance for impacting representation and persistence 
than the culture of science, especially for women of color. 
The overall issue addressed in this theme is that the portrayal of science as objective, 
value-free, rational, and masculine can deter women and others who have different worldviews 
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from participating in S.T.E.M.  However, this should not be the case, as S.T.E.M. is heavily 
influenced and impacted by society and should not be limited to such an exclusive set of 
assumptions. 
Identity 
The theme of identity corresponds to the third wave of feminism, critical feminism, 
which examines these intersections and their influence on women in S.T.E.M. by recognizing 
that gender is important in forming one’s identity, along with other social constructs like 
race/ethnicity and socioeconomic status (Brotman & Moore, 2008).  Identity formation is a 
complex process and is critical to learning.  Brickhouse (2001) used a situated cognition 
framework, which suggests that learning occurs at all times, in arguing that it is not enough to 
know what a student knows; it is also essential to understand how they are engaging in science 
and how it is relates to what they think about themselves.  Therefore, the many ways in which 
women identify themselves and how that identity may influence their perceptions of science 
cannot be ignored. 
Much of the research on identity and science has been conducted using qualitative 
methodology, unlike the themes previously discussed.  Brickhouse, Lowery, and Schultz (2000) 
used a case study methodology in their research and found that teachers were more positive 
toward more traditionally stereotyped girls (i.e., quiet, less assuming) not so much with girls that 
have so many other social constraints like race/ethnicity and socioeconomic status and cultural 
assumptions that go along with those social constraints.  Most of the research on 
underrepresented members in S.T.E.M. has focused on either gender or race/ethnicity, with little 
focus paid to the intersectionality of women’s identity such as class, race/ethnicity, language, 
lifestyle, and religion (Atwater, 2000; Ong, 2005).  Within this theme and this generation of 
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feminist research, there have been calls to investigate identity beyond gender and race/ethnicity 
but to look at the intersectionality of women’s identity.  
For women of color in S.T.E.M. fields, the acknowledgment of a more nuanced way of 
understanding identity and S.T.E.M. seemed to be underway about 20 years before it was a focus 
of traditional feminist research.  Malcolm, Hall, and Brown (1976) began the discussion of the 
double bind for women of color in S.T.E.M., stating that “minority women pay a tremendous 
price for their career in science” (p. 3) because of being a scientist, a woman, and a member of a 
minority racial/ethnic group. Thirty-five years later, this work was revisited by Malcolm and 
Malcolm (2011) for the “Double Bind Daughters” (p. 163), meaning the women who followed 
the minority women who were in science in the 1970s, which acknowledges that much progress 
has been made; however, disparities exist and issues have shifted.  The focus in 1976 was more 
on redressing equity issues, while the current focus is on support from institutions, shifting the 
focus from individuals to structures.  Malcolm and Malcolm’s framing of the issues faced by 
underrepresented minority women aligns with the ideological shift from a deficit model, which 
focuses on individuals, to a model that focus on institutional structures.  Regarding teaching 
science and explaining why girls are choosing science and how they are doing in it, Brickhouse 
et al. (2000) note, “We need to know more than that they are girls.  We need to know what kinds 
of girls they are” (p. 457).  Being that this is a more recent concept in feminist research and 
science, there is still much work to be done to make the connections between identity formation, 






Summary of Feminist-Based Research Framework 
In summary, feminist research has not only influenced women’s underrepresentation in 
S.T.E.M, but has also been the main proponent and thought leader on the topic.  Primarily, 
theoretical and quantitative research attributes underrepresentation and persistence to equity and 
access, curriculum and pedagogy, nature of science culture, and identity.  Much research has 
been conducted on equity and access and on curriculum and pedagogy factors.  This research can 
be categorized under the first and most prominent research, liberal feminism.  A critique of 
liberal feminism is that the concerns focus on the gaps between women and men or creating 
sameness between men and women; therefore, when examining the issues of women’s 
underrepresentation, the factors and solutions focus more on the individual rather than structural 
factors. Even though curriculum and pedagogy research has explored teaching methods, gender-
inclusive curriculum, and inquiry-based learning, there is still the comparison of women learners 
versus men learners.  The women versus men equality argument is heavily based in these two 
factors for women in S.T.E.M.  
The culture of science is categorized under difference feminism and identity is 
categorized under critical feminism, respectively.  Difference feminism deconstructs and 
reconstructs knowledge and ways of knowing, Gilbert (2001). Theoretically speaking, the 
concept of women as irrational and emotional and the concept of science as rational and 
objective however, by deconstructing these terms, we can conceive of women and science not as 
mutually exclusive, but having traits of each other.  If colleges and programs begin to see that 
women and science are not two separate concepts, but rather interchangeable or intertwining 
concepts, then the culture of science may shift to becoming more inclusive of women. 
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Earlier studies of women in S.T.E.M. have focused primarily on white, middle-class 
women, making women of color and varying socioeconomic statuses virtually invisible.  Critical 
feminism brings forth the intersection of women as multi-dimensional.  Since critical feminism is 
the latest generation of feminist thought, this body of research is still developing and 
acknowledging women’s identity and science as a factor for underrepresentation. Critical 
feminism examines identity within a structure as opposed to the individual outside of a structure. 
The primary four themes can be categorized under two ideological shifts: “old school,” 
which represents individual to structural, and “new school” which represents being critical 
within the three generations of feminist thought (see Figure 1).  Feminist research over the last 
40 years has provided a framework for how the remainder of the chapter will be presented.  Each 
of the factors, institutional (college and department level) responses, and proposed interventions 
that will be discussed in this chapter all fall within the generations and themes presented.  The 
following sections will discuss the pre-college and postsecondary factors and experiences that 
may account for women’s underrepresentation in S.T.E.M. 
Pre-College Factors Contributing to Women’s Persistence in S.T.E.M. 
The discussion of gender and science overlaps with the pre-college experiences of 
women in S.T.E.M. in that it provides a framework from which to position the issues facing 
women who may be interested in S.T.E.M.  In this section, there will be a discussion of the 
S.T.E.M. pipeline and the factors that influence the flow of women through the pipeline prior to 
their postsecondary experiences.  As Leslie, McClure, and Oaxaca (1998) note, “Science and 
engineering can be understood clearly only by reference to earlier life experiences” (p. 240). 
	
31 
Figure 1. Feminist-Based Research Framework on Women in S.T.E.M. 
 
S.T.E.M. Pipeline 
The metaphor of a pipeline has been widely used to describe the passage of students 
through the educational system from entrance to departure (Trent et al, 2003).  To fully 
understand the pipeline, there would ideally be an influx of students interested in choosing a 
S.T.E.M. field as a college major.  As students matriculate, they would pass through the pipeline 
without any deviation (see Figure 2). Trent et al. (2003) note,  
“The difficulty with the metaphor occurs when we try to account for the number of 
students who exit the pipeline in inappropriate places and at inappropriate times.  For the 
most part we tended to view the pipeline as largely intact and accommodating the 
relatively smooth and uninterrupted flow of the majority of students... Inappropriate exits 
have been explained as individual failure” (p. 6).   
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The pipeline is constructed as a straight line with no curves or detours.  At the end of the pipeline 
would be a career or entrance into graduate school in the S.T.E.M. field. 
Figure 2. S.T.E.M. Pipeline 
 
 
The pipeline metaphor has been used to describe the “flow” of underrepresented 
minorities and women; however, the pipeline may not account for the intersections of race, 
gender, and class.  Malcolm and Malcolm (2011) provided research from the Committee on 
Equal Opportunities in Science and Engineering (2004) indicating that underrepresented 
minority “leaks” are differentially drained from the pipeline; however, when the pipeline 
metaphor considers underrepresented minority women, it emphasizes more student level 
characteristics, such as ability, self-efficacy, and motivation, as the primary causes for women of 
color in science and engineering majors.  While individual characteristics should be examined, 
there should also be an examination of the structural issues that also influence how women of 
color flow through the pipeline (Fox, Malcolm, & Malcolm, 2011). 
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Other metaphors have been presented to discuss the passage of students through the 
system, like streams or pathways.  The argument for the pathway is flexibility and freedom of 
movement, as opposed to a linear direction with leaks (Mattis, 2007).  The river or stream 
metaphor signifies more visible places of blockage, making it easier to acknowledge and correct 
the problem (Trent et al, 2003).  Mattis (2007) writes, “Attainment of an engineering degree in 
the USA requires lockstep conformity to a regimen of prescribed coursework beginning as early 
as elementary school.  Success is correlated with staying that course, as opposed to deviating 
from it, even briefly” (p. 336).  The linear rationality of S.T.E.M. education illustrates why it is 
difficult to persist in the field.  It leaves no room for exploring different avenues or interests or 
even dealing with struggles in academic coursework.  Interestingly, the same field that needs 
diversity and creativity is the same field that allows very little room for deviating from the 
desired course.  
Whether you use the pipeline or pathway metaphor to illustrate the movement of women 
and women of color through S.T.E.M., the fact remains that several variable—both individual 
and structural—influence interest, attitudes, major choice, and persistence in S.T.E.M.  The next 
sections will discuss a combination of both individual and structural factors. 
Socialization 
Underrepresentation of women in S.T.E.M. can be traced back to the socialization of girls 
and boys early in their school experience.  Educational experiences between boys and girls begin 
during their early school years and persist throughout their educational career.  There are several 
explanations for gender differences in schooling; however, socialization has traditionally been 
used to explain the varying experiences (Spade, 2004).  While most socialization takes place 
outside of the school; the school serves as a vehicle for reproducing the gender behaviors that are 
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acceptable in society.  Students come into the school as gendered beings; girls are taught to focus 
on feelings and to connect to others, while boys are taught to be dominant (Spade, 2004).  
Clewell and Campbell (2002) discuss the socialization of girls and boys by the influential people 
in their lives (i.e., peers, parents, teachers, and society).  Both genders receive messages about 
success and the difference between girls and boys roles in society.  For girls, their socialization 
helps them behaviorally in the classroom; however, academically, they are more passive. Boys 
they are more academically dominant, but they tend to have more problems in the classroom 
(Spade, 2004). 
As described in the three generations of feminist research, the third wave includes more 
critical analysis of gender and the interaction of gender with other social constructs like 
race/ethnicity and socioeconomic status.  It is critically important to examine gender 
socialization as it intersects with race. Grant (2004) conducted a study on race-gender 
differentiation where African American girls and boys were compared alongside White girls and 
boys.  Using naturalistic methods such as observations and semi-structured ethnographic 
interviews, Grant found that the school plays a role in legitimatizing the race and gender issues 
present in society.  Although Grant only observed first and second graders, she found that White 
girls were being groomed for academic attainment in the context of dependence and loyalty, 
whereas African American girls received encouragement to emphasize social relationships over 
academic work.  White boys were being groomed for high academic attainment and high status 
through social roles, whereas African American boys were carefully monitored and controlled in 
the room with little attention being paid to their academic achievement.  Grant links these 
classroom observations to the occupational attainment of students by stating the roles they play 
in society.  For example, White women are overrepresented in clerical jobs, while African 
	
35 
American women are well represented in service work.  The conclusion of Grant’s study was 
that students learn that they have a “place” in the classroom social order as well as in the larger 
society.  By understanding the intersections of gender and race, the view of women’s 
underrepresentation in S.T.E.M. can no longer be seen as gender equates to white women but 
gender equals a multitude of social intersections, which may influence women’s experiences in 
S.T.E.M. 
Parental Effects 
In the sociology of education, there are two dominant status attainment models that factor 
in parental and influential relationship effects in determining the social and educational 
attainment of children (Blau & Duncan, 1967; Sewell, Haller, & Portes, 1969).  Blau and 
Duncan’s (1967) status attainment model considers parental factors—mostly those of the father, 
such as his educational attainment and occupational status—as influencing the occupational 
attainment of children.  Additionally, Blau and Duncan’s included white males in their Status 
Attainment Model study.  Sewell et al.’s (1969) Wisconsin Model includes the influence of 
significant others on the academic performance of youth.  In this model, significant others 
included parents, teachers, and friends.  The results from both models showed that influential 
relationships, such as those with parents, teachers, and peers, influence the educational and 
occupational attainment of youth. 
Over 40 years later, the effect of influential relationships still holds true.  Leslie et al. 
(1998) conducted a life-sequence analysis on women and minorities in science and engineering.  
In their study, they noted that parents’ engagement in S.T.E.M. occupations had a positive effect 
on whether students also select S.T.E.M. occupations.  Unlike the Wisconsin Model, the life-




The precollege experiences of women relate to the difference between girls and boys in 
their academic qualifications, abilities, and attitudes.  There are several measures that indicate 
differences between girls and boys in their academic qualifications, ability, and performance.  
According to Astin and Astin (1992) the number of mathematics courses taken is the primary 
measure for determining differences in qualifications.  Another measure of difference in 
academic ability is the number of science courses taken in high school.  Adelman (1998) 
analyzed student transcripts and other credentials, such as SAT scores, and found that the 
academic course backgrounds of both women and men were very similar.  In his study, women 
were more likely to have taken calculus, pre-calculus, or trigonometry as their highest level of 
mathematics, as compared to men, whose average highest level of math was algebra II.  There 
were no significant differences between women and men in their highest level of science 
courses.  SAT scores were also analyzed to measure differences in academic qualifications, and 
women performed slightly higher than men, 1093 vs. 1016, respectively.  Academically, girls 
and boys have similar academic qualifications and abilities prior to postsecondary study. 
Course Taking Patterns 
As suggested by the S.T.E.M. pipeline, there is an order to successfully “flowing” 
through to a career in S.T.E.M. fields.  One of the determinants to persisting in S.T.E.M. is the 
course taking patterns of students.  Clewell and Campbell (2002) discuss gender differences in 
math, as well as science course taking patterns, as a part of their theoretical framework.  
According to their study, there are few gender differences up through Advanced Placement (AP) 
courses.  In fact, girls are more likely to take slightly more mathematics courses than their male 
counterparts.  Huang, Taddese, and Walter (as cited in Clewell and Campbell, 2002), showed 
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that among high school graduates, girls had taken more geometry, algebra II, trigonometry, pre-
calculus, and calculus courses than had boys.  However, they found that girls take fewer AP 
exams in math as compared to boys.  In terms of science, girls are more likely to take more 
biology and chemistry courses, whereas boys are more likely than girls to take physics (Clewell 
and Campbell, 2002).  The pattern of AP science exam taking among girls and boys is the same 
as with math.  Boys are more likely to take AP science exams and score higher on those exams 
than girls.  The patterns of course taking at the high school level might not be the strongest 
contributor to girls’ persistence in S.T.E.M.  A stronger indicator may be the patterns of AP 
exam taking. 
 Taking mathematics and science courses, performing well in those courses, and taking 
AP exams does not guarantee that a girl will select a S.T.E.M. major in college.  These academic 
factors do not effectively explain the differences in women’s persistence in S.T.E.M. as 
compared to men’s.  Leslie et al. (1998) note that girls tend to outperform boys in mathematics 
and science courses.  The academic factor, such as standardized testing and course taking 
patterns, would point to girls being equally, if not more, prepared for S.T.E.M. majors in college 
than are boys. 
Wang (2013) tested a theoretical model of students’ intentions to major in S.T.E.M.  The 
model was based on 12th-grade math achievement, exposure to math and science courses, and 
math self-efficacy beliefs, which were all subject to prior achievement and attitudes about math.  
For all students, the model showed the intent to pursue S.T.E.M. was significantly influenced by 
12th grade math self-efficacy, exposure to math and science, and 12th grade math achievement.  
Wang also pulled a subset of students from the dataset by race, gender, and SES and found the 
model held for all groups.  Twelfth grade math self-efficacy, exposure to math and science, and 
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12th grade math achievement influence students’ intention to major in S.T.E.M. regardless of 
these other demographic factors. 
Tyson, Lee, Borman, and Hanson (2007) found that women complete high-level courses 
in high school, they do not complete the highest-level science and mathematics courses.  They 
found that even women who complete high-level science and mathematics courses are less likely 
than men to obtain S.T.E.M. degrees.  Tyson et al. also concluded that women do not persist in 
S.T.E.M. majors not because of their lack of academic preparation, but because they are less 
likely to pursue S.T.E.M. majors at all.  Therefore, course-taking patterns may not be the most 
adequate explanation for women’s underrepresentation in S.T.E.M.  If this is the case, then what 
may some other explanations be for their lack of participation in S.T.E.M.? Many social 
scientists have research self-efficacy as a potential contributing factor to women’s 
underrepresentation. 
Self-Efficacy 
Much of women’s attitudes toward science has been tied to their own identity and self- 
efficacy. Self-efficacy is defined as “people’s beliefs about their capabilities to produce 
designated levels of performance that exercise influence over events that affect their lives” 
(Bandura, 1997, p. 171). Essentially, self-efficacy is situation specific—a person’s beliefs about 
his or her skills and competencies to be successful at a given activity.  In the case of S.T.E.M., 
self-efficacy is thought to be a mediator between ability and actual performance (Hackett & 
Betz, 1981).  Baber, Pifer, Colbeck, and Furman (2010) point out that students with a strong 
sense of self-efficacy will approach tasks differently than will someone with a weak self-
efficacy.  Someone with a weak self-efficacy may view tasks as challenging, thereby 
underestimating their skills and abilities.  
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One of the most pivotal studies on women and minorities in science and engineering 
identified three core contributors to persistence in S.T.E.M.: self-efficacy, peer influence, and 
goal commitment (Leslie et al., 1998).  Leslie et al. (1998) determined that one’s self-concept or 
self-efficacy is a core contributor to continued participation in science and engineering.  They 
note that one of the important reasons white men are more likely than women and minorities to 
select math or science majors is that they perceive themselves as being relatively well prepared 
in math and science (i.e., their self-efficacy in science and math is strong).  Prior to adolescence, 
there is essentially no difference in interests and confidence levels between girls and boys; 
however, during adolescence, changes begin to occur.  Boys tend to overestimate their math and 
science ability, whereas girls tend to underestimate their ability and self-efficacy in math and 
science.  These changes in adolescence become critical in the development of girls’ self- 
efficacy, which influences their interest in math and science.  
Girls’ self-efficacy in math and science is a result of socialization and peer influence, 
which may determine why girls tend to take fewer math and science courses.  Self-efficacy is 
discussed by many social scientists as a contributing factor to gender differences in math and 
science; however, self-efficacy is not solely determined by one factor, but appears to work in 
conjunction with other variables, such as commitment and family and peer influences. 
Summary of Pre-College Factors 
 These studies highlight the many pre-college factors that may influence women’s 
experience of S.T.E.M. during the K-12 pipeline.  These factors can be broken into three 
categories: social construction of girls (i.e., socialization), familial effects, and individual factors 
(i.e., course-taking patterns, self-efficacy).  While these factors help to provide some explanation 
for girls’ interest in S.T.E.M. during the K-12 pipeline, there are still gaps in the research.  Of 
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these factors, the socialization of girls is the only one that alludes to the social structure of 
school, which implies differential treatment between girls and boys.  Grant’s (2004) study 
supports the social reproduction of society in schools.  Girls and boys learn these roles of how 
they are supposed to interact and behave socially and academically.  
Traditional status attainment models have tested the effects of influential relationships 
(e.g., parents, teachers, and peers) on the educational and occupational attainment of youth—but 
not specifically on S.T.E.M.  These models also exclude women.  Although later studies have 
included women and women of color, there is still much to be discovered about the dynamics of 
these relationships and how they influence girls’ interest in pursuing S.T.E.M. in college.  
The studies that have examined academic factors and course taking patterns provide 
limited to no explanation as to why girls who perform just as well or even better than boys in 
science and math courses still do not take AP science and math courses, take AP exams, or 
express interest in pursuing S.T.E.M. in college.  When an explanation is provided, it leans on 
women’s individual attitudes, interests, and self-efficacy.  There is very little discussion of the 
pedagogical structures, influence, or academic culture in science and math classrooms in K-12 
settings. 
 Many of the same factors discussed and examined prior to college repeat themselves in 
postsecondary research studies.  The next section will present a discussion of the factors that 
have been researched to explain women’s underrepresentation and persistence in postsecondary 
S.T.E.M. majors and fields.  
Postsecondary Factors Contributing to Women’s Persistence in S.T.E.M. 
There are a few pre-college experiences that are also reflected in the postsecondary 
experiences of women, such as academic preparation, self-efficacy, and influential relationships.  
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However, the factors contributing to women’s persistence, such as, school (academic 
experiences, pedagogy, climate), individual (self-efficacy, science identity), and home/external 
(influential relationships) in postsecondary experiences are more expansive with the inclusion of 
factors researched in critical feminism (i.e., science formation and identity).  
Academic Experiences 
 
Felder et al. (1995) found that for first-year engineering students, women’s and men’s 
grades did not differ significantly—except in English, where women’s grades were slightly 
higher.  During the sophomore and junior years, there were no statistical differences between 
women’s and men’s grades.  Additionally, the GPAs of women and men were not statistically 
significant.  Adelman (1998) found that women in engineering majors carry a significantly 
higher course load than their male counterparts and that they perform better in engineering 
courses.  Tyson (2011) tested a model of engineering degree attainment and persistence by using 
high school and college physics and calculus grades as a predictor.  The model showed that the 
highest predictor of persistence and grades in college physics and calculus was high school 
calculus achievement.  This study also did not find any effects on gender and achievement.  The 
results align with findings of Adelman (2005) and Goodman et al. (2002) that women earn 
similar grades to men in engineering courses and women who leave engineering have higher 
achievement than men who switch out; therefore, women do not leave engineering because of 
low achievement. These studies indicate that there are not any significant differences between 
women and men in S.T.E.M courses.  
Self-Efficacy 
Self-efficacy continues to play a role in their experiences in higher education.  Several 
studies have shown that there are significant differences between women and men in terms of 
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their self-efficacy in S.T.E.M.  Women enter college with higher self-efficacy and belief in their 
academic abilities, and then it drops significantly within their first year in S.T.E.M. (Brainard & 
Carlin, 1998).  According to Besterfield-Sacre, Moreno, Shuman, and Atman (2001), when 13 
attitudes of first-year engineering students were measured (five of them linked to self-efficacy), 
men were shown to be generally more advantaged on basic engineering knowledge and skills, 
problem solving abilities, and engineering abilities.  On the other three measures of 
communication, computer skills, problem-solving abilities, there was no significance difference 
regarding communication and computer skills and mixed results for study skills.  There was a 
statistical significance in the first year, but no difference after that. Leslie et al (1998) explored 
gender and racial differences for S.T.E.M. self-efficacy by analyzing students in the CIRP 
database.  S.T.E.M. preparation was considered a measure of self-efficacy; women consistently 
rated themselves less prepared than men.  Additionally, white men thought they were better than 
most other students in S.T.E.M. fields.  These studies show that women tend to have a lower 
S.T.E.M. self-efficacy than do men.  Women’s lower belief in their competence and skills is 
considered a strong predictor in their underrepresentation in S.T.E.M.  
Science identity formation.  Identity serves as a factor and an analytic lens for 
understanding the persistence of women and women of color in S.T.E.M.  Pascarella and 
Terenzini (2005) discuss the importance of identify development on the educational outcomes 
for college students.  Atwater (2000) urges researchers to look at gender and how it intersects 
with other aspects of women’s identity.  Brickhouse (2001) argues the importance of identify 
formation for feminists who need to understand the role that gender plays in the role of science 
learning.  Identity refers to one’s understanding of self in relation to both past and future, how 
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one participates in the world, and others’ interpretations of how one participates in the world 
(Brickhouse, 2001).  Identity formation does not occur singularly, but in relation with others.  
Additionally, understanding learning in science is not just a matter of how scientific 
learning is acquired but also “how students engage science and how it relates to who they are and 
what they want to be” (Brickhouse, 2001, p. 286).  Tate and Linn (2005) used a multiple identity 
framework based on situated cognition theory.  Situated cognition explores factors, such as, what 
kind of person someone wants to be and how people engage in activities that make them a part of 
the community that aligns with who they are and want to be (Brickhouse, 2001).  Tate and Linn 
(2005) examined multiple identities developed by women of color: academic, intellectual, and 
social.  They found that women of color create multiple communities based on their different 
academic, intellectual, and social identities.  However, a larger question may be how the 
intersection of gender, race, and ethnicity influences the formation of a science identity. 
Gender identities must be understood in relation to a range of intersecting inequalities 
(Brickhouse, 2001; Collins, 1990).  The intersection of gender and race in S.T.E.M has not been 
adequately researched (Tate & Linn, 2005).  However, as mentioned earlier, it is the most recent 
focus of feminist S.T.E.M. researchers, particularly in developing a science identity.  Past 
research has demonstrated that African American women, for example, must almost be silent and 
seen as invisible to be successful; this is in opposition to their racial and ethnic identity, but 
coincides with White, middle-class values (Brickhouse, 2001).  Developing a science identity is 
important for underrepresented minorities and women.  However, researchers have found it 
difficult to operationalize the concept of a science identity. 
 Researchers interested in the intersection of gender, race, and ethnicity have begun to use 
identity as an analytic lens for gaining insight into how women of color persist in S.T.E.M.  
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Carlone and Johnson (2007) developed an initial model for using science identity as an analytic 
framework.  They explain science identity in the following way: “A science identity is accessible 
when, as a result of an individual’s competence and performance, she is recognized by 
meaningful others, people whose acceptance of her matters to her, as a science person” (p. 1192).  
The model proposed by Carlone and Johnson demonstrates the overlapping concepts of 
competence, performance, and recognition as outlined in their definition.  Additionally, they 
assume that one’s gender, racial, and ethnic identities affect one’s science identity.  They found 
that the main factor that differentiated women was not competence or commitment, but rather 
being recognized as a scientist.  Other researchers, such as Russell and Atwater (2005), note the 
importance of family support, teachers, and community as factors for being successful, which 
supports Carlone and Johnson’s finding that recognition from those influential to women is 
critical for being successful in developing a science identity.   
Influential Relationships 
  Student attrition and student departure models include influential relationships in their 
models for understanding overall student departure from higher education (Bean, 1980; Bean & 
Metzner, 1985; Tinto, 1975).  Prior to college, the influential relationships of parents and 
teachers play heavily into a woman’s decision to select and persist in S.T.E.M.  Those 
relationships remain strong once in college; however, the relationships women form with 
professors and peers also factor into persistence.  Seymour and Hewitt (1997) found that women 
persist in S.T.E.M. fields when they have access to role models and mentors and when they build 
relationships with other women in S.T.E.M.  A sense of belonging among peers and faculty 
members contributes to the experiences of women in S.T.E.M. (Johnson, 2012).  Persistence 
becomes a function of a student’s ability to fit with established social norms through 
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relationships with peers, interaction with faculty, and participation in co-curricular activities 
(Baber, 2007). 
Even though Russell and Atwater (2005) explored the success of African American 
students in biology, their findings align with research concerning women’s persistence in 
S.T.E.M.  In their study, two of the four emerging themes related to students’ persistence were 
the influence of parents and the influence of teachers.  Parents and teachers were influential and 
critical to student success because of their high expectations, encouragement, and career 
guidance.  As previously found by Carlone and Johnson (2007), relationships are significant not 
only in developing science identities, but also for persisting and being successful in S.T.E.M.   
Pedagogy 
Pedagogy and curriculum has been an area of much focus for feminist researchers.  
Blickenstaff (2005) found that pedagogy was focused on three distinct areas that can reinforce 
girls’ attitudes toward science: teacher perceptions of science being for men, quality of teaching, 
and teacher interactions with students.  Quality of teaching involves course design, which would 
include content, exposure to science, and experiences (Espinosa, 2011).  Hurtado et al. (2007) 
found that course content, exposure to science, and science experiences, such as research 
opportunities that present real-world scenarios, have been linked to positive academic outcomes.  
Baker et al. (2007) found that a course where students work on design projects in a non-
competitive environment was conducive for women’s learning and self-efficacy. 
Classroom experiences are critical in women’s persistence in S.T.E.M., and those 
experiences are categorized by teacher interactions (Espinosa, 2011).  For example, Johnson 
(2007) noticed through observations that women who took classes where faculty members were 
more science-focused than student-focused felt discouraged.  Classroom biases, curriculum, and 
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pedagogy can lead to a less than welcoming atmosphere for women who are interested in 
S.T.E.M. The “chilly climate” experienced by women in many classrooms is largely related to 
pedagogy and curriculum issues (Blickenstaff, 2005). 
Climate 
The chilly climate is described as a differential treatment of men and women, combined 
with certain behaviors by men in the classroom, that leads women to feel like they are not fully 
able to participate in the learning process (Drew & Work, 1998; Sandler, Silverberg, & Hall, 
1996).  The definition provided by Rolin (2008) provides examples of differential treatment: “A 
‘chilly climate’ includes such phenomena as lack of encouragement, diminishing remarks on a 
person’s academic performance, drawing attention to a person’s gender or sexuality in an 
inappropriate way in an academic setting, and even sexual harassment” (p. 1111).  Rolin’s 
definition encompasses classroom, departmental, and university behaviors that can be interpreted 
as a chilly climate by women.   
Research exploring chilly climate suggests that there is covert or overt discrimination in 
classrooms (Strenta et al., 1994).  In the classroom, faculty behaviors contribute to classroom 
environments that are less advantageous to women, such as calling on men more often than 
women, asking men follow-up questions, paying more attention to men when they are speaking, 
and attributing women’s achievements to something other than their abilities (Allan & Madden, 
2006).  Departmentally, women can feel a chilly climate because of a lack of diversity among 
department staff (Hurtado, 1992).   
The chilly climate is where the nature and culture of science and identity intersect for 
women of color.  Women of color may feel even further isolated because of racism from peers 
and faculty, isolation from racial and ethnic peer groups, negative racial climate perceptions, 
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exclusion from informal networking activities with faculty, and avoidance of White students in 
the lab (Johnson, 2012).  Malcolm and Malcolm (2011) note that providing women of color with 
the knowledge and tools to persist in a chilly climate has resulted in progress, but it has not been 
proven to bring about equity in S.T.E.M.    
Summary of Postsecondary Factors 
 
As with pre-college factors, there is not any significant difference between men and 
women academically.  In fact, women tend to perform better than men in college engineering 
and physics classes; therefore, the explanation for women “opting out” or not persisting versus 
men persisting in S.T.E.M. is not likely to be academic performance. 
Self-efficacy researchers have explored the differences between men and women’s 
efficacy; however, women in these studies have primarily been White. The studies did not 
examine self-efficacy among women with several identities. Identify formation, though difficult 
to operationalize, is inclusive of women, women of color, and the many different intersections of 
women that form one’s identity.  The use of science identity and identity formation is a stronger 
predictor of persistence than self-efficacy, as identity allows for inclusion.  However, being that 
identity is a new concept within critical feminist research, more research needs to be done with 
women and women of color to determine how their science identity is formed.  Although 
qualitative and quantitative studies on science identity have been conducted, there is no clarity 
on when identity is formed and how the timing of that formation impacts women’s S.T.E.M. 
major selection, representation, and persistence in the field.   
Along with science identity, climate is also an impactful factor for the purposes of this 
study.  Climate and science identity provide a more critical lens to understanding representation 
and persistence.  The studies on climate presented in this review utilized quantitative methods 
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and modeling to explore climate as a factor in representation.  Even though climate presents 
itself as a strong predictor or factor of persistence, these studies are limited by their lack of 
qualitative methods to provide context in colleges and departments.  Even still, climate is an 
important factor, as it is where identity, nature of science, pedagogy, and access collide for 
women in S.T.E.M.  The institutional response to the individual and school factors centers 
around the climate of these colleges and departments. 
Institutional Response to Women’s Representation in S.T.E.M. 
Institution Type and Selectivity 
Prior research into persistence and retention has focused on individual effects, such as 
academic preparation, self-efficacy, and relationships.  Researchers have begun to examine not 
only individual factors, but also institutional factors, that may influence women’s representation 
in S.T.E.M.  Espinosa (2011) emphasizes the importance of the institutional setting as a factor 
for women of color who are pursuing S.T.E.M. fields, as women who select a S.T.E.M. major 
normally are academically talented as measured by grades, aptitude, and achievement scores 
(Strenta et al., 1994).  The variation in S.T.E.M. fields and institutional types is important for 
women because it is possible that women will participate perform better in certain settings and 
fields (Fox, 1995; Sonnert, Fox, & Adkins, 2007).  Sonnert et al. (2007) have shown that the 
percentage of women in biological, physical, and engineering fields does not differ between 
Research I universities and other types of universities (e.g., Research II, Doctoral I, and Doctoral 
II, as categorized by the Carnegie Classification prior to 2000).  In the same study, Sonnert et al. 
found that Research I institutions do not have lower representation of women than do other 
institutions (as listed above).  However, this has not proven to be the same for women of color.  
Malcolm and Malcolm (2011) found that patterns of participation in S.T.E.M. are shaped by race 
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and gender. They note that among bachelor’s degree holders, low-income students, women, and 
underrepresented minorities are more likely to earn an associate’s degree from a community 
college prior to earning their bachelor’s degree.  Generally, there may there may not be a 
difference in the participation rates for women at Research I, Research II, Doctoral I, and 
Doctoral II universities and colleges; however, those findings differ for women of color and low-
income students who gain an associate’s degree or attend community college prior to obtaining a 
bachelor’s degree in S.T.E.M.  These findings suggest that creating different institutional 
pathways as an alternative to traditional institutions may help to increase women’s participation 
in S.T.E.M. 
College and Departmental Effects 
Many studies exclude the impact institutional context may have on the persistence of 
underrepresented minorities and women in S.T.E.M.  Much of the research on the institutional 
context is focused on university subunits or departments, as opposed to the university.  College-
level and departmental factors that may influence the persistence of women in S.T.E.M. may be 
gatekeeping courses, undergraduate research, and faculty members.   
Gate-keeping courses are a major dimension in S.T.E.M., as they are a part of the culture 
of science.   According to Epstein as cited in Gasiewski et al., 2012), “The culture of science 
says, ‘Not everybody is good enough to cut it, and we’re going to make it hard for them, and the 
cream will rise to the top” (pg. 229).  Gatekeeper courses are introductory courses in math and 
science that either explicitly or implicitly function to eliminate all but the ‘top tier’ students 
(Gasiewski et al., 2012), thereby functioning precisely as the culture of science has determined. 
Much of these gatekeeping courses rely on large lecture-based courses and lack engaging 
pedagogy (Gasiewski et al., 2012), which contrasts with the “gender-inclusive” pedagogy 
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purported by feminist researchers.  One of the major determinants for whether a student persists 
in S.T.E.M. or switches to another major during college is performance in introductory courses 
(Seymour & Hewitt, 1997).  Lee (2006) analyzed underrepresented minority students in 
introductory chemistry courses and found that those courses served as gatekeeping courses in 
which underrepresented minorities were disproportionally leaving compared to non-minority 
students.  Seymour (2001) found that students who had negative experiences in gatekeeping 
courses or were not academically successful in those courses were more likely to change majors, 
transfer to another institution, or withdraw from college.    
The role of faculty members is extremely important, considering that “students often 
arrive at college not knowing whom or how to ask for help, and faculty shape the climate and 
classroom activities that orient students in ways that affect their likelihood of success” 
(Gasiewski et al., 2012, p. 231).  Faculty members serve as the “gatekeepers.”  Gasiewski et al. 
(2012) identified several characteristics of an “engaged” college faculty member that can lead to 
greater persistence in S.T.E.M.  Such faculty members foster a collaborative learning 
environment, provide a website for learning materials, use humor for learning, show enthusiasm, 
respond to emails, encourage students, and use practical applications for learning.  The engaged 
professor, however, is the exception in gatekeeping courses, which are the first introduction 
students to their major courses.  Tinto (2000) concluded that where there is a strong association 
between faculty and students, there is also an increase in student learning and engagement. 
In contrast to gatekeeping courses, departments offering undergraduate research 
opportunities have been shown to make a difference in attracting and retaining students (Chang, 
Eagan, Lin, & Hurtado, 2011).  Eagan et al. (2010) attempted to determine what institutional 
characteristics and programs account for variation in S.T.E.M. completion.  They used three 
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sources in their study: Cooperative Institutional Research Program’s (CIRP) 2004 Freshman 
Survey, National Student Clearinghouse (NSC), and the Best Practices in S.T.E.M. (BPS) 
survey. They found that institutions that offer several undergraduate research opportunities 
significantly outperform peer institutions that offer fewer research opportunities to 
undergraduates. In fact, selectivity fully accounts for the relationship between undergraduate 
research and institutional rates of S.T.E.M. completion; therefore, highly selective institutions 
that are more able to   also have higher S.T.E.M. completion rates as compared to less selective 
institutions. Given that there has been research conducted to identify how gatekeeping, research, 
and faculty connections are critical factors departmentally, there has been little research 
investigating whether formalizing these practices at the institutional level would increase 
students’ likelihood of persisting to bachelor’s degree completion in S.T.E.M. (Eagan et al., 
2010).   
S.T.E.M. Intervention Programs 
There are a multitude of K-12 programs designed to increase girls’ participation in 
S.T.E.M.  This study focuses on undergraduate programs.  S.T.E.M. intervention programs have 
been identified as a solution for addressing the inequalities in gender and science (Brotman & 
Moore, 2008).  Many interventions are designed to change the student so that he or she excels in 
the environment, as opposed to seeking a cultural change at the institutional, departmental, and 
faculty levels (Fox, Sonnert, & Nikiforova, 2009).  As exhibited by the discussion in this section, 
many of the programs have been developed to socialize women into S.T.E.M. by building their 
self-confidence and correcting their assumed academic deficits (Fox et al., 2009). 
Watson and Froyd (2007) used the pipeline metaphor to categorize interventions into 
three themes for underrepresented students in engineering: community building, cognitive ability 
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development, and occupational choice development.  Community building and cognitive ability 
development are intended to help stop leaks from the pipeline, whereas occupational choice 
development interventions are designed to increase intake.  Community building interventions 
are designed for building community through organizations and networks.  Cognitive ability 
development seeks to understand the cognitive “weaknesses” of students and to address them.  
Occupational choice development encourages increased exposure to engineering.  In the 
following section, the S.T.E.M. intervention strategies discussed are designed to build supports, 
address cognitive ability, and encourage more exposure to and interest in S.T.E.M and overlap 
with Watson’s categories: (1) mentoring; (2) undergraduate research programs; and (3) living 
and learning communities. 
S.T.E.M. Intervention Programs: A Plausible Solution  
A program consists of sets of activities thought to have a positive affect or effect on a 
targeted population (Clewell & Ficklen, 1986).  Programs are designed as a pathway for women 
in S.T.E.M., and these programs typically consist of activities that are organized responses to 
perceived issues or barriers to representation, participation, or performance of the targeted 
population (Clewell et al., 1992).  Fox et al. (2007) used interview data from program 
administrators in undergraduate women in S.T.E.M. programs to answer questions about key 
issues addressed by these programs; identify the range of solutions, benefits, and limits to the 
programs; and identify patterns of programs with positive outcomes.  Successful programs can 
clearly articulate their target population and the issues that affect them; emphasize a broad range 
of activities and strategies, ranging from comprehensive bridge programs to mentoring; and 
focus on the institutional structures for both perceiving the issues and addressing them.  
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Women in S.T.E.M intervention programs are designed to improve outcomes, such as, 
cultivating talent and interest in S.T.E.M. fields, increasing undergraduate retention in fields, and 
increasing the likelihood of women to continue to graduate programs (GAO, 2012). Research has 
found that students who participate in intervention programs are more likely than students with 
similar academic backgrounds to sustain an interest in S.T.E.M., perform better, and complete a 
S.T.E.M. degree (Merolla & Serpe, 2013). The next section will discuss a variety of strategies 
used by program to addresses underlying assumptions and barriers for women’s persistence in 
S.T.E.M. 
S.T.E.M. Program Strategies 
 
This section will address several strategies that have been employed by S.T.E.M. 
intervention programs to redress the gender inequities in S.T.E.M.  These strategies serve as 
solutions for all the factors, both pre-college and post-secondary, that researchers have shown 
may have an influence on whether women persist in S.T.E.M.  The collective of these strategies 
can lead to an improved interest and retention of women in S.T.E.M., greater equality and equity 
for women in the academy, and an improved quality and climate of S.T.E.M. (Chesler & 
Chesler, 2002).  Clewell and Campbell (2002) outlined several intervention strategies, including 
mentoring and role modeling, provision of extracurricular activities, summer camps, professional 
development for educators, and activities for parents as identified by Darke, Clewell and Sevo 
(2002). 
Tsui (2007) identified ten intervention strategies included in the design of many S.T.E.M. 
intervention programs: summer bridge, mentoring, research experience, tutoring, career 
counseling and awareness, learning centers, workshops and seminars, academic advising, 
financial support, and curriculum and institutional reform.  No one strategy works best; instead, 
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an integrated approach is suggested as the best way of developing and implementing intervention 
programs for underrepresented students.  This chapter will include a discussion of the most 
relevant strategies: mentoring, tutoring, and undergraduate research. 
 Much of the research on these strategies is not geared specifically toward women in 
S.T.E.M., but rather research on underrepresented students, which includes women and minority 
students.  The strategies discussed in this section are representative of strategies gathered from 
underrepresented minorities, distinguished by race and ethnicity, and women in S.T.E.M. 
Mentoring.  Mentoring has been shown to have positive effects on both efficacy and 
identity, and efficacy has also been shown to predict identity (Chemers, 2008).  Mentoring and 
other intervention programs were created to keep women interested in science and to provide 
them with the same S.T.E.M. opportunities as their male counterparts (Brickhouse, 2001; 
Harding 1998).  Chesler and Chesler (2002) argue that mentoring is an important strategy for 
addressing women’s retention, as well as climate in engineering.  They found that mentoring 
could be successful if attention is paid to the different cultural styles and worldviews of women.  
Interventions or initiatives that provide high levels of mentoring and peer relationships that 
familiarize students with scientific norms and culture can be successful (Hurtado et al., 2008) 
Tutoring.  Tutoring is used as an intervention to enhance performance (Tsui, 2007).  
College-level tutoring varies greatly in terms of structure and tutors; however, most tutoring 
programs consist of upper-level students or faculty members.  Henderson, Fadali, and Johnson 
(2002) used a qualitative approach and found that for first-year engineering students, peer 
tutoring had a positive effect on achievement and retention. 
Tutoring strategies are not only helpful for the student receiving tutoring, but also for the 
peer tutor (Tsui, 2007).  Teaching science to peers was the strongest predictor for every group 
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and explained 33% of student success in science (Lundberg, 2003).  Although the study looked 
at non-traditional students (e.g., commuters, part-time students, students who work more than 20 
hours per week), the results are still relevant for underrepresented students in S.T.E.M.  Topping 
(1996) conducted a typology of peer tutoring, though finding a myriad of different tutoring 
approaches, showed that groups who are tutored perform better on tests.  Therefore, tutoring 
strategies are twofold in that they benefit both the student and the tutor. 
Undergraduate research.  Participation in undergraduate research programs has been 
shown to influence the persistence of women in S.T.E.M. and to increase students’ pursuit of an 
advanced degree in S.T.E.M. (Barlow & Villarejo, 2004; Hathaway, Nagda, & Gregerman, 2002; 
Maton, Hrabowski, & Schmitt, 2000), indicating a stronger commitment to S.T.E.M. 
(MacLachlan, 2006).  Participants in research programs have been shown to have an enhanced 
knowledge and comprehension of science (Seymour et al, 2004), an enhanced science identity 
(Hurtado et al 2009), and a greater self-efficacy regarding science (Carlone & Johnson, 2007).  
Seymour et al. (2004) found that students who participate in undergraduate research programs 
increase their confidence in conducting research, defending findings, and contributing to their 
field.  These students also report a deeper level of knowledge and an increase in critical thinking 
skills and problem solving.  Foertsch, Alexander, and Penberthy (2000) conducted a longitudinal 
study from 1986-1996 of summer research opportunity programs in the Council of Independent 
Colleges and found that students participating in such programs express a high degree of 
satisfaction with their experiences.  Linn, Palmer, Baranger, Gerard, & Stone (2015) reviewed 
more than 60 studies about undergraduate research programs and found that students need 
opportunities to integrate evidence from their research experience to strengthen their view of 
their identity as a scientist. 
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Students who participate in undergraduate research programs are significantly more 
likely to indicate intentions to pursue a graduate or professional degree in S.T.E.M. (Eagan et al., 
2010).  Eagan et al. (2010) also found that programs attract and admit students who already have 
begun to identify themselves as scientists.  There has not been any research to clearly 
demonstrate which comes first—the student’s concept of his or her science identity or the 
development of a science identity due to participation in an undergraduate research program. 
The strategies presented are not comprehensive of all programs and focus mostly on the 
individual rather than the structural strategies.  Since the research and work on women in 
S.T.E.M. programs were birthed from feminist thought, much of the focus has been on closing 
the equality gap between women and men.  Hence, programs were created to increase “sameness 
between women and men; thus, they tended to focus on changing women/girls in ways that 
would make them more like men/boys” (Gilbert, 2001, pp. 291-292).  As discussed, the 
strategies presented in this section reflect more of a liberal feminist perspective.   
Program Efficacy 
Programmatic success has often been defined by the number of degrees awarded to 
women in science and engineering.  As a quantitative indictor, this does not provide any 
additional information about other measures of success.  Although quantitative indicators may be 
a widely-accepted indicator for programmatic success, it has eliminated any other possibilities 
for success and program effectiveness (Brainard, 1993; Fox et al., 2009).  It is difficult to 
determine just how effective these program interventions have been in improving the 
representation and retention of women in S.T.E.M. or equalizing their performance, as few 
evaluations have been conducted on individual intervention strategies (Clewell & Campbell, 
2002).  Clewell and Campbell (2002) did find a few programs in their review that demonstrated 
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effectiveness, such as the NSF’s Program for Women and Girls which is now called the Research 
on Gender in Science and Engineering program (Darke, Clewell, & Sevo, 2002).  There was 
evidence of this program being effective in the short term at improving outcomes for women in 
S.T.E.M. through mentoring, role modeling, summer camps, parental engagement activities, and 
professional development for educators, but there was no evidence of longitudinal change.  The 
challenge with the results from this study and most S.T.E.M. intervention programs is that there 
are very limited longitudinal outcomes because many programs are unable to collect outcome 
data on their participants. Overall, there is a lack of data demonstrating the efficacy of programs. 
Although, programs assume they are effective, the lack of data or rigorous evaluation do not 
support the assumptions (Schultz, Hernandez, Woodcook, Chance, Aguilar, & Serpe, 2011). 
There is a need for more innovative program evaluation and research approaches to capture 
longitudinal outcomes and impact data for programs.    
Tsui (2007) conducted a literature review on successful S.T.E.M. intervention programs 
and concluded that there is a need for more empirical research to be done on them.  Tsui notes 
that most of the research is descriptive in nature with no data collected to study the effectiveness 
of the programs in meeting their purpose.  Tsui does mention evaluations being conducted on 
programs, but most of these evaluations are not published and are unavailable to the public. Tsui 
suggested that comprehensive, intensive evaluations be conducted and the results disseminated.  
The implications of Tsui’s study highlight the importance of and need for more research and 
evaluation to build a body of evidence regarding what works, for whom it works, why it works, 
and how it works. 
Valla and Williams (2012) offer the following: “Little is known about the impact of these 
ever-evolving programs.  Given these investments, a general review and critique of programs, 
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and their evaluations, is past due” (p. 4). In their literature review of K-12 intervention programs 
for underrepresented groups in S.T.E.M., they found little to help them understand the strengths 
and weaknesses of these programs.  They also did not find any overarching theories used to 
construct S.T.E.M. interventions for women and other underrepresented minorities.  It is the goal 
of this study to provide a review of programs designed to redress inequities for women in 
S.T.E.M.   
Fox et al. (2009), however, did identify characteristics common to successful women in 
S.T.E.M. programs.  The key elements for a successful program are its strategic placement 
within the structure of an institution and working toward changing institutional syS.T.E.M.s that 
impact gender equity and persistence.  Even though Fox et al. (2007) identified characteristics of 
successful programs, they also recognized the need of program administrators in the study to 
assess the effectiveness of their program.  With budget constraints and pressure from higher-
level administrators to demonstrate programs’ effectiveness in attracting, retaining, and 
graduating more women in S.T.E.M. fields, the need to quantify results is pertinent.   
Summary 
 
 This chapter provided an overview of the research and literature regarding the persistence 
of women in S.T.E.M.  Feminist research provided a contextual framework for understanding 
women’s participation and persistence.  Through feminist research, four key themes were 
identified as categories for understanding the problem and how to address the program: equity 
and access, curriculum and pedagogy, nature of science, and identity.  These four themes also 
outline the progression of how understanding the issue regarding representation has evolved over 
time.  Initially, when the research began in the 1970s, equity and access were the primary issues.  
This has evolved over time to addressing issues of identity in the 2000s.  With much of the 
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earlier research focused on equity and access and curriculum and pedagogy, there was a greater 
priority on highlighting the differences and gaps between men and women in terms of 
socialization and academic factors.  Over time, a shift occurred toward examining the nature of 
the culture of science, thereby looking at the structural factors influencing persistence.  Last, 
research is currently being conducted to understand the development of a science identity, 
especially for women of color in S.T.E.M.  Categorized under each theme within the research are 
factors that may also contribute to the lack of women’s persistence in “high-profile, high-status” 
S.T.E.M. fields.  For example, climate of classrooms and departments fall under the theme of the 
nature of science.   
 With an understanding of the themes and coinciding factors, this chapter presented a 
discussion of the institutional, college, and departmental effects leading to persistence, such as 
institutional selectivity, gatekeeping courses, gatekeeping faculty, and undergraduate research.  
The development of programmatic approaches to individual and structural issues that influence 
women’s persistence in S.T.E.M. were discussed.   
This chapter also presented several explanations for understanding women’s 
underrepresentation and persistence in S.T.E.M. Although there has been much research, 
information regarding the impact or utilization of this research in developing successful women 
in S.T.E.M intervention programs is still lacking.  Institutions have recognized women’s 
underrepresentation and persistence and have created programming to address these issues; 
however, the efficacy of these programs has not been extensively examined. Much of what we 
know about women’s persistence is quantitative, mostly looking at graduation rates.  A 
qualitative study would add to the field by including the lived experiences of women. The crux 
of this study is to provide a new perspective on women in S.T.E.M. intervention programs by 
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privileging the voices of program administrators who make a daily investment in programming 
and by providing more evidence for demonstrating program efficacy and effectiveness by linking 
program success to the underlying program theories. 
 The methodology used in this study will be discussed in the next chapter.  The objective 
of the selected methodology is to highlight and provide voice from the program administrator’s 
perspective regarding the issues, assumptions, and solutions to women’s persistence.  The 
methodology employed in this study provides a lens into the program theory, program strategies, 









This study seeks to explore the efficacy of women in S.T.E.M. intervention programs 
from the program administrator perspective through a focus on program theory and design.  This 
study is a part of a larger research project.   
Research Objectives 
As a part of a larger research study designed to understand the factors that contribute to 
the persistence of underrepresented minorities and women in S.T.E.M., this study seeks to 
understand the efficacy of women in S.T.E.M. intervention programs through program theory, 
program design, and success as defined by the program directors.  As these programs are also 
strategic research sites, it implies there are underlying causes for the lack of women persisting in 
S.T.E.M.  As well as, an understanding of what factors or interventions can be put into place to 
increase women’s participation and persistence in S.T.E.M. through programs.  As discussed in 
Chapter Two, feminist research undergirds the theories, causes, and solutions for women’s 
persistence in S.T.E.M.  Therefore, the following questions are asked in this research study: 
1. What is the program theory (underlying assumptions, goals, activities, and outcomes) of 
each S.T.E.M. strategic research site from the perspective of the program 
administrators/directors? 
 
2. To what extent are the four themes as identified through feminist-based research 
framework (equity and access, curriculum and pedagogy, nature of science, and identity) 
addressed in each sites’ program theory? 
 
3. How does each strategic research site account for successes and challenges in the 




This study was part of a larger research study that investigated the factors and programs 
addressing the underrepresentation of undergraduate women and minority students in S.T.E.M. 
at large, public, land grant universities.  The larger study was a mixed-methods research design 
that included survey data, secondary data, document review, and interviews.  Each method was 
employed to address different aspects of the phenomenon of underrepresented women and 
minorities in S.T.E.M.  Quantitative methods were used along with the Mellon Foundation’s 
Public University Database (PUD) (previously College and Beyond) as a secondary data source 
to explore enrollment rates and persistence in S.T.E.M. fields at large public research 
universities.  The PUD data reflected students who enrolled as freshmen in 1999 and those same 
students over the course of six years.  The dataset included social economic background factors, 
pre-college academic qualifications, college academic performance, financial aid, major 
selection, and college educational outcome (e.g., transfer, drop out, graduate).  In addition to the 
secondary data, undergraduate students from at nine large public research universities were 
invited to participate in an online-survey, with over 1,800 students completing the survey.  The 
online survey was used to gain an understanding of student perspectives on pre-college and 
college experiences, with more of a focus on students’ S.T.E.M. experiences.  The qualitative 
methods included site visits, document review, and interviews from 2009 to 2011.  There were 
two rounds of interviews.  Fifty-five program administrators were interviewed during the first 
round of interviews.  Site visits and document review also occurred during the first year of the 
project (2009-2010). The second round of interviews, which included 33 follow-up interviews, 
was conducted during the third year of the project.  Program administrators were interviewed to 
learn more about the students participating in S.T.E.M. intervention programs, the types of 
services provided to students, program structure, program design, program staffing, program 
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funding, and program outcomes.  These interviews were conducted to gain an understanding of 
issues in the underrepresentation of women and minorities in S.T.E.M.  For the purposes of this 
study, a subset of programs with a focus on women in S.T.E.M. was selected because they could 
be classified as strategic research sites.   
Unlike the other programs included in the original study, the programs for women in 
S.T.E.M. were of interest because they are dynamic, strategic research sites.  Merton (1973) 
identified a strategic research site as a place where a problem or phenomenon can be investigated 
more easily, robustly, and in greater depth.  For the purposes of the current study of gender and 
higher education, programs geared toward women in science and engineering will be considered 
strategic research sites.  There are three reasons, as specified by Fox et al. (2009), for 
categorizing programs in this study as strategic research sites. The first reason for categorizing 
the programs in this study as a strategic research site is that typically positive outcomes for 
women in S.T.E.M. programs are syS.T.E.M.atic and quantitative evidence can be claimed.  
Even though, Women in S.T.E.M programs have claimed positive outcomes, there are limited 
empirical data to support these claims. This study seeks to provide empirical evidence to support 
positive program outcomes.   
Second, programs embody their organizers’ (i.e., program administrators) conceptions 
and assumptions about the issues regarding women’s participation and persistence, as well as 
solutions for what can be done to resolve those issues.  The programs selected for this study were 
designed or originated by women who have an educational or professional background in 
S.T.E.M. fields; therefore, they have direct experience and understanding of the challenges 
women face with participation and persistence in S.T.E.M.  These programs are also under the 
leadership of women who participated in the program as an undergraduate or who participated in 
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a similar program.  Program administrators have used their experience to develop solutions on 
how to resolve issues of women’s persistence in S.T.E.M.  
Third, conceptions of the issue that underlie the programs can be approached through 
individual or structural lenses.  The creation of the programs by women under the administrative 
structure of colleges and universities is one of the solutions to addressing the individual or 
structural issues regarding women’s persistence in S.T.E.M. fields.  The programs identify 
strategies and provide support for individual participants (e.g., tutoring, mentoring, etc.) and 
structural approaches (e.g., providing pedagogical support for professors) to address participation 
and persistence.  These programs were specially selected based on the strategic research site 
criteria because they are the best representation of programs included in the original study. The 
programs selected address in-depth problems and solutions because of the background and 
involvement of the program administrators.   
This study uses a multi-case study design approach to understand the persistence of 
women in S.T.E.M. by examining women in S.T.E.M. intervention programs through site visits, 
interviews with program administers or directors, and document review.  The main research 
question sought by the larger research project and this subset regards the factors that lead to 
persistence or lack thereof for underrepresented minorities and women. 
This chapter consists of a discussion of the multiple case study research design and 
research objectives.  It is followed by a discussion of the multiple case setting and context (e.g., 
institution, program, and program administrator descriptions), program selection, data collection 
methods, and data analysis.  The chapter will end with an examination of the researcher’s biases 




Case Study Research Design 
 
A multiple case study design will be used to inquire about the persistence of women in 
S.T.E.M. through understanding the program theory, program design, and efficacy of women in 
S.T.E.M. programming.  Creswell (2003) views case study as a qualitative methodology because 
cases are bounded by time or place and explored over time through in-depth data collection using 
multiple sources of information.  Yin (2003) also states that case study design allows for multiple 
sources of data to be used to understand a phenomenon.  The use of multiple case study design 
allows for the analysis to consist of within- and across-case analysis.  For the purposes of this 
study, I employed Stake’s (2006) approach to multiple case study design.  Stake notes that the 
ultimate difference between a single case study and a multiple case study is that with a single 
case study, you are trying to understand the case; however, in multi-case study design, you are 
seeking to understand the quintain (i.e., phenomenon over multiple cases).  A multiple case study 
design was selected for this study to understand the phenomenon of each site’s program theory 
and the extent to which the program theory supports women’s persistence in S.T.E.M. The 
phenomenon of program theory was examined across multiple cases- the Women in S.T.E.M 
intervention programs. In case study design, it is critical to define the case or the unit of analysis 
(Yin, 2003).  In this study, the cases and unit of analysis are Women in S.T.E.M. intervention 
programs. 
Much of the research conducted on women in S.T.E.M. programming has focused on 
either a single institution or a single program (Fox et al., 2009).  This research project was multi-
institutional and multi-program.  Therefore, a multiple case study approach was most appropriate 
for this study to gain a better understanding of women’s persistence in S.T.E.M. across multiple 
Women in S.T.E.M. intervention programs. Multiple case study researchers conduct case studies 
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using purposefully chosen populations and locations to determine whether the results will be 
similar or different across cases (Yin, 2003).  This approach also allows the researcher to 
compare findings across multiple cases when a similar context is replicated across sites.  In this 
research study, each case included the same methods of site visits, interviews, and document 
review across different institutional contexts.  Taking into consideration the purpose of case 
study design, a multiple case study design was selected as the most appropriate approach. 




Institutional Context  
All the institutions included in this study are four-year, public land grant universities.  
The descriptions of the institutions provided are to give context for the setting of the programs 
housed within the institution.  The identities of each institution, program, and program 
administrator have been concealed for confidentiality purposes.  The data used to create the 
institutional profiles were provided from the Integrated Postsecondary Data SyS.T.E.M. from 
2011-2013.  The institutional profiles contain data about student population, average tuition, 
financial aid, financial status, and S.T.E.M. graduates.  
The average tuition of in-state/on-campus students was $26,000, and $46,000 for out-of-
state/on campus students.  Fifty-five percent of students who apply to these institutions are 
admitted, and of those students, 45% are men and 53% are women.  The average graduation rate 
for the institutions is 75%.  On average, 70% of first-time, full-time students receive financial 
aid.  Forty-five percent of first-time, full-time students receive federal or state financial aid.   
The average financial status of the institutions in the study was $3.1 billion of revenues.  
However, one of the schools in the study had an average of over $5.7 billion, whereas another 
institution had a $1.5 billion average total operating and non-operating revenue.  On average, the 
institutions had expenditures of $3.1 billion.  Again, there were outliers for expenditures per 
institution.  One institution had total expenses of $5.6 billion, whereas another institution had 
average expenses of $1.5 billion.   
At the time of this study, the most recent data from IPEDS on bachelor’s degrees 
awarded in S.T.E.M. was from 2009. The data represented here are from 2009 graduates.  For the 




graduates from each institution is 1,900 students (500 women and 1400 men graduates).  Of 
those 1,900 bachelor’s degrees awarded in S.T.E.M., 100 of the degrees were awarded to Native 
Americans, African Americans, and Hispanic/Latino students, 300 Asian/Pacific Islander 
students, and 1500 White students.  The rate of women who earned a bachelor’s degree in 
S.T.E.M. for each racial/ethnic group the numbers are even more dispel.  For women, 40 degrees 
were awarded to Native Americans, African Americans, and Hispanic/Latinas, with 90 awarded 
to Asian/Pacific Islanders and 300 to White women.   
Program Selection  
The procedure for identifying women in S.T.E.M. programs was three-fold: 
1. A web search of the programs was conducted based on the institutions selected to 
participate. Key words such as “women in science” or “women in engineering” were 
used. 
2. Prior knowledge of programs that already in existence at selected institutions. 
3. Snowball effect: During their interviews, program administrators may have made 
suggestions about other programs or program administrators we should interview. 
For a program to be considered, it had to consist of administrative staff, which may 
include a program director or associate/assistant director.  Once a program was identified, 
program administrators were invited via email to participate.   
Program Administrators 
This study includes five program administrators who provide direction for women in 
S.T.E.M. programming at four universities.  The program administrators selected to participate 
in the study are women who have a background in S.T.E.M. or have worked in S.T.E.M. 
programming for many years. On average, the five administrators have worked within higher 
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education for 14 years, with 5 years of experience working as an administrator for their 
respective programs.  Four of the administrators have a bachelor’s degree in a high status, high 
profile S.T.E.M. field, and three of the four have an advanced degree in a high status, high 
profile S.T.E.M. field.  One administrator has an advanced degree in higher education but has 
been a program administrator for a S.T.E.M. program for 7 years.  All women program 
administers were White. 
Methods 
Stake (2006) notes that the most common methods of case study are observations, 
interviews, site visits, and document review.  For the purposes of this study, interviews and 
document review were used.   
Since the cases for this study, women in S.T.E.M. programs, are strategic research sites, 
semi-structured interviews were only conducted with program administrators, most of whom 
were program directors or associate/assistant directors.   
Interviews 
Interviews are a powerful method of eliciting narrative data that allows research to 
investigate program administrator views in greater depth (Kavle, 2003,	Alshenqeeti, 2014). 
Interviews enables the program administrators to express their thoughts and feelings about their 
programs (Berg, 2007). For this study, semi-structured interviews were conducted with program 
administrators to gain better understanding of Women in S.T.E.M intervention programs. The 
semi-structured interview protocol was developed and tested as a part of the larger research 
project.  After the interview protocol was drafted, a select group of program administrators were 
interviewed using the drafted interview protocol.  A discussion of the protocol itself followed.  
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The final version of the interview protocol was developed after the feedback from the interview 
testing was incorporated. 
The interviews had four purposes: (1) improve the understanding of women in science 
and engineering intervention, (2) discover the theory underlying women in S.T.E.M. intervention 
programs, (3) identify the program designs and activities, and (4) identify alternative measures of 
programmatic success. 
Each program administrator participated in two interviews.  The first interviews were 
conducted during the spring of 2010, and the second interviews were conducted during the 
spring and fall of 2011.  All participants reviewed and signed a consent form for both interviews.  
The interviews were a part of the site visits, which were scheduled at a time and place convenient 
for the participant.  Participation in both interviews was voluntary, and a participant could 
decline participation at any time during the process. 
Multiple administrators for the same program were interviewed separately.  Each 
interview lasted no longer than one hour.  The interviews were conducted during the spring and 
fall of 2010.  The interview protocol for the first interview was broken into five sections: 
background information, history and goals of the program, structure and support of the program, 
outcomes of the program, and wrap up.  The background information section included questions 
about the educational and professional background of the participant. The history and goals 
sections provided a background on the program and were primarily geared at determining the 
underlying theory of the program.  The structure and support section contained questions 
regarding the context and setting of the program within the institution.  The outcomes section 
contained questions regarding the efficacy and success of the program.    
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The duration of the second interview was no longer than one hour. Since all the program 
administrators participated in a second interview approximately one year after the first one, the 
second interview was adapted to serve as a follow-up to the first interview.  The same sections 
were included in the follow-up interviews; however, some questions were omitted because of 
data that had already been collected during the first interview, and some questions were added to 
obtain more specificity about the program staff and students served by the program. 
Piloting the Interview Protocol. Prior to conducting the first round of interviews with 
program administrators, the interview protocol was piloted in a series of mock interviews 
(Maxwell, 2013) with program administrators of similar programs. The purpose of piloting the 
interview protocol was to get a sense of the timing of the interview, comprehension of questions 
from interviewee, and organization of questions in the protocol. Notes were taken during the 
pilot interviews and adjustments were made to the interview protocol.  
The interview pilot was conducted with two program administrators of S.T.E.M. 
programs for underrepresented students. The pilot interview lasted about one hour and included a 
discussion of the interview questions and organization of the questions in the protocol. Several 
questions were adjusted after the discussion, specifically, questions about the program theory. 
For example, the original question including wording about theory, the adapted question after the 
pilot was “What ideas guided the design and implementation of the services offered in the 
program?” 
Site Visits 
 Site visits allow the researcher to go to a site for a limited time and gather information 
about a program either through their own experience or reported experiences of others (Lawrenz, 
Keiser, & Lavoie, 2003). Site visits can be considered as fieldwork. Patton (2015) described 
	
72 
fifteen reasons for including fieldwork into research designs. Of those fifteen reasons, three 
reasons that support the use of site visits as a method for this study: understanding context, 
improve interviews, and track program changes. Site visits lasted between one to two days 
depending on the location of the site. During the site visit, the researcher received a tour of 
campus, tour of program activity locations, and interviewed program administrators. One of the 
program sites was located on the same campus as the researcher. The other two program sites 
were in different states in the Midwest. Site visits occurred in the spring of 2010 and spring and 
fall of 2011. After each site visit, the team of researchers would debrief and provide observation 
notes for understanding the institutional context for each program. The first site visit informed 
any changes to the interview protocol for the second interview. Also, the site visits provided 
information on changes at each institution and within each program.  
Document Review 
 
 Document analysis is a systematic procedure for reviewing documents—both printed and 
electronic (computer-based and Internet-transmitted) material (Bowen, 2009). Documents are 
useful for triangulating other data sources, such as, interviews (Yin, 2014). During the interview 
process, each participant was asked if there was any documentation that could be shared (e.g., 
evaluation reports, research articles, brochures, program reports).  All program administrators 
provided brochures describing their program’s activities and services, total six program 
brochures. One program administrator provided a dissertation that was an evaluation of their 
summer program, along with two conference presentations. 
One program administrator provided four conference presentations, engineering seminar 
syllabus, two engineering syllabus final reports, and two annual reports covering 2010-2012. 
One program administrator provided two conference papers and one evaluation report. Also, 
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there were 6 interview notes from the program administrator interviews that provided comments 
from the interviewer. In addition to any documents received about the programs, any public 
documentation such as annual reports published on the programs’ websites were used.  The 
purpose of reviewing these documents was to triangulate the data. 
Establishing Trustworthiness 
This section discusses the strategies used to check the quality of the data and to establish 
trustworthiness of the data and researcher.  Creswell (2003) identified eight ways to establish 
credibility and trust: (1) triangulation, (2) member-checking, (3) thick description, (4) 
explanation of bias on the part of the researcher, (5) prolonged engagement in the field, (6) peer 
debriefing, (7) negative cases, and (8) external audit.  Creswell (2007) recommended using at 
least two of these strategies to establish rigor, this study used four strategies: triangulation, 
member-checking, thick description, and explanation of bias on the part of the researcher were 
conducted to establish trustworthiness.  
Stake (2010) describes triangulation as the process of getting “meanings straight, to be 
more confident that the evidence is good, they develop various habits… Triangulation is a form 
of confirmation and validation” (p. 123).  Patton (2002) discusses four types of triangulation: (1) 
methods triangulation; (2) triangulation of sources; (3) analyst triangulation; and (4) 
theory/perspective triangulation.  For this study, triangulation through multiple data sources was 
used. Data was triangulated through interviews, site visits, and document review.  
According to Stake (2010), there are four rules for deciding when triangulation of data is 
needed: 
1. If the description is trivial or beyond question, there is little need to triangulate. 
2. If the description is relevant but debatable, there is some need to triangulate. 
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3. If the data are evidence for a main assertion, there is much need to triangulate. 
4. If a statement is a person’s interpretation, there is little need to triangulate the validity of 
a statement.  
These four rules were applied during the data analysis process to determine which statements 
provided in the interviews and document review needed to be triangulated.  
Member check means to ask the participant what he or she meant (Stake, 2010).  During 
the member check process, the researcher is seeking accuracy, possible insensitivity by the 
researcher, and new meanings (Stake, 2010).  The member check process was conducted in the 
second interviews to gain clarity on the answers provided during the first interview. During the 
interview, program administrators were asking if their answers in the previous interview were 
correct and if those answers were still consistent with their current answers.  
 Thick description provides details about the participants and program setting. Through 
thick description, the research can evaluate the extent to which conclusions drawn are 
transferrable to other times, settings, situations, and people. In this study, thick descriptions use 
direct quotes from program administrator interviews and documents to provide in-depth 
interpretations of the data (Barusch, Gringeri, & George, 2011) 
Researcher Role 
In qualitative research, the researcher is the primary mode for data analysis and 
interpretation.  The relationship between the researcher and the subject is a threat to establishing 
trustworthiness and validity.  One method of ensuring the researcher is trustworthy is by being 
reflexive.  Reflexivity is a way of “emphasizing the importance of self-awareness, 
political/cultural consciousness, and ownership of one’s perspective” (Patton, 2002, p. 64).  It 
involves the process of questioning and understanding oneself (Patton, 2002).  Patton (2002) 
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provides several reflexive screens: culture, age, gender, class, social status, education, family, 
political praxis, language, and values. 
As a part of my identity, I am a black woman who is a scientist who did not persist in a 
high-status, high-profile S.T.E.M. field.  My identity as a scientist has not been acknowledged 
because my educational background, though in the sciences, is in psychology and urban studies, 
neither of which is considered high status, high profile.  Professionally, I have evaluated and 
managed S.T.E.M. intervention programs for underrepresented minorities and women, so I have 
a perspective of S.T.E.M. intervention programs from an administrator’s point of view.  As a 
researcher, I had to monitor my perceptions of being an insider/outsider of S.T.E.M. as a woman, 
student, and program administrator.  
Data Analysis 
The technique of constant comparative data analysis, used most often in grounded theory, 
was utilized in this study as a more intense version of content analysis.  While constant 
comparative has its own procedures for developing emerging theories from the data, which was a 
major component of the analysis, special attention was paid to Women in S.T.E.M. intervention 
program theory, with a focus on feminist thought to derive the underlying assumptions of the 
program design and program efficacy.  
Constant Comparative Data Analysis 
For the purposes of this study, the interviews, documents, and site visits were analyzed in 
two phases using the constant comparative data analysis method (Corbin and Strauss, 1990; 
Glaser and Strauss, 1967; Strauss and Corbin, 1998; Tan, 2010).  
Constant comparative analysis is conducted through coding.  Glaser and Strauss (1967), 
approached constant comparative data analysis by first open coding each incident.  An incident 
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refers to a unit such as a line, sentence, or paragraph that has meaning.  In this study, codes were 
created and compared within each case and across cases. Then categories were created based on 
the codes, and then to integrate categories and they were reduced into more meaningful 
categories (Tan, 2010).  Corbin and Strauss (1990) and Strauss and Corbin (1998) adapted the 
method outlined by Glaser and Strauss (1967), and this was the method that was employed to 
analyze data for this study.  Both Corbin and Strauss and Strauss and Corbin discuss conducting 
data analysis through open coding, axial coding, and selective coding.  Axial coding refers to 
creating codes around a categorical axis and the analysis there is a need to link categories.  As 
the researcher, it was important to be intentional about linking categories and subcategories 
around a main idea.  The last step is selective coding which includes connecting the categories to 
a central theme.  Strauss and Corbin (1998) define five criteria for selecting core categories:   
1. The central category has analytic power.  It has the power to pull the other categories 
together under one whole category. 
2. The central category should be able to account for considerable variation within the 
category.  It should not be so narrow that it does not allow room for variation within 
the same category. 
3. The central category may evolve out of the list of existing categories.  A new central 
category may not need to be developed, as it may have emerged from the created list 
of categories. 
4. The researcher may decide there is no central category and that each category tells a 
part of the story that is not captured completely by one central category. 
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5. If there is not a central category that emerges or one that captures all of the 
categories, then the researcher can add another more abstract term or phase under 
which all the other categories can be included. 
  Strauss and Corbin (1998) suggest that the researcher explain a phenomenon by 
answering questions about the phenomenon such as when, where, why, who, how and with what 
consequences.  Using the relation table, the author can easily break down concepts, move and 
refine them (e.g., by asking in which circumstance do the students use blogs for keeping in touch 
with people), validate and search for the relationships between categories (e.g., by asking what is 
the relationship between Keep in touch with people and Supplement of information), and identify 
categories and their subcategories (e.g., by asking in what sense do “Keep in touch with people” 





INDIVIDUAL CASE ANALYSIS 
This chapter will provide individual case descriptions for each Women in S.T.E.M 
program.  Each of the three programs will be presented separately.  Each case description will 
include an introduction to the context of the program (i.e., program description, history, goals, 
activities, structure, leadership, and participants); program theory (i.e. assumptions, goals, 
activities, and outcomes); how the program has been implemented based on the feminist-based 
research framework for Women in S.T.E.M. (e.g., equity and access, curriculum and pedagogy, 
nature and culture of science, and identity); and successes and challenges.  The structure of each 
case will follow the same format. 
Prior to the discussing the individual case description for each program, it is necessary to 
review the four themes of the feminist research-based model (equity and access, curriculum and 
pedagogy, nature and culture of science, and identity) based on Brotman and Moore (2008). 
Equity & Access refers to gender disparities and inequities in the classroom and emphasizes that 
if we want to engage girls in science, we need to provide equitable science opportunities. 
Curriculum & Pedagogy emphasizes the need to change curriculum and pedagogy in science 
classrooms so that it includes experiences, learning styles, and interests of women.  Nature & 
Culture of Science reflects the need to reconstruct how science is portrayed, viewed, and defined 
in both school and society.  Identity refers to the need to support women in incorporating science 
as a component of their diverse identities and stresses that gender is only one component of 
identity.  These themes provide guidance for discussing program implementation.  The data 
reported in each case relies on data collected through program director interviews and program 
documentation (e.g., evaluation reports, research articles, brochures, program reports). 
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Case 1: Future Women Engineers Program 
Introduction and Context 
Case 1 is the Future Women Engineers Program, or F.W.E.  This program began in 1995 
shortly after the development of the Underrepresented Minority Engineering Program. College 
administrators initially thought that if there was a minority program, then there should be 
women’s program. During that year, the associate dean attended a conference where other 
schools were presenting on their women in engineering programs.  After the conference, the 
associate dean in the College of Engineering developed a model for the college’s program based 
on those discussed at the conference. 
 The Future Women Engineers Program is located within the College of Engineering.  
Originally, both the Underrepresented Minority Engineering Program and Future Women 
Engineers were housed under a department within Undergraduate Student Services, which was a 
component within the Special Initiatives Office.  Both programs were directed by the same 
person for the first few years.  The Special Initiatives Office was dissolved around 2005. After 
the dissolution of the office both programs were separately run by different directors housed in 
the college’s Undergraduate Student Services Unit. 
Organizationally, the program is still housed in the Undergraduate Student Services Unit 
within the College of Engineering.  The Undergraduate Student Services Unit is responsible for 
offering student advising, tutoring, study aboard programming, honors programming for current 
students, and specific programming for underrepresented students (i.e., minorities and women).  
Physically, the program is located within the College of Engineering building, with the Assistant 
Dean’s office located in the Advising Office and the programming staff located on the same 
floor, but within its own office space. 
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The funding profile for the program comes primarily from college support and corporate 
sponsorship.  Salaries and some of the programming expenses are covered through the college.  
Programs such as the undergraduate research program are completely funded by corporate 
sponsors.  Camps are also partially funded by corporate sponsors and camp tuition. 
Originally, the program was led by the Director of Special Initiatives from 1995 to 2005.  
When the Special Initiative Offices was dissolved, a new program director was selected to lead 
the program.  The program director is an Assistant Dean in the college and a faculty member 
within the college.  As a part of the Undergraduate Student Services Unit, the Assistant Dean 
reports directly to the Senior Assistant Dean for Undergraduate Services.  The Undergraduate 
Student Services Unit is under the overall leadership of the Dean of the College of Engineering.  
The Future Women Engineers Program is staffed primarily by 2.5 Full-Time Equivalent 
(FTE) personnel: the program director, the program coordinator, and a part-time secretary. In 
addition to primary staff members, many graduate and undergraduate students are hired to assist 
with program activities and services. The primary responsibilities of the program director include 
supervising the Engineering 100 course, providing guidance for Future Women Engineers 
Program activities and service, providing academic advising for current students (both men and 
women), conducting freshman orientation, leading the undergraduate research program, and 
supporting recruitment efforts for the college. The program coordinator is responsible for the 
daily operation of the program. The part-time secretary also supports the Underrepresented 
Minority Engineering Program within the college by providing administrative support that 





Program Theory  
This section describes the program theory for the Future Women Engineers Program. The 
program has mission, goals, activities, and outcomes based on assumptions regarding women’s 
persistence in S.T.E.M. As a program in the College of Engineering, F.W.E. is designed to 
recruit girls and women interested in engineering and retain women who have selected an 
engineering field as a major choice.  In terms of recruitment, the program provides opportunities 
for girls age three to twelve to participate in summer camps, Lego competitions, and campus 
visits and tours.  For women who have declared an engineering field as a major choice, the 
program offers opportunities for advising, undergraduate research, workshops and seminars, and 
freshman orientation, as well as a Freshman 100 course. 
In the beginning, the Director of Special Programs was responsible for both the 
Underrepresented Minority Engineering Program and the Future Women Engineers Program.  
When the Future Women Engineers Program was conceived, and developed, much of the 
emphasis was on creating an engineering pipeline beginning with 5th and 6th graders.  However, 
it was not practical to direct the pipeline of 5th and 6th graders into the college.  Therefore, the 
mission of the program shifted to focus more on retaining current students and recruiting more 
students as opposed to engaging girls as they enter the pipeline.  The program director stated, 
“Trying to be much more practical by saying what we need is more women engineers in the 
college. So, we are emphasizing the pipeline.  With our limited staff and limited resources, we 
can’t be working with lots of 5th graders hoping that, what, 8 years later they show up here.” 
The philosophy of the program is that women and men can both benefit from the 
program, but with women there are different focuses for how to engage them. Personal and 
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professional development are encouraged for women.  In an interview, the program director 
stated,  
“Our philosophy is not necessarily saying that women have to be separate and have to 
have different things for women, but we want them to have a professional environment… 
an environment that supports their skill development, both a personal and professional 
level, in a way that is comfortable for them, and sometimes that’s programs with both 
men and women, and sometimes these programs are just with women.” 
The mission of the program is to create a supportive environment through recruitment 
and retention. The program director explained, “Our mission is to catalyze a supportive 
environment.  We aren’t responsible for making the environment, but hopefully we can catalyze a 
supportive environment for students in the college.” The overall goal of F.W.E. is to increase the 
rate of women coming into the College of Engineering and increase the retention rate of women 
in the College of Engineering.  The program’s emphasis is on graduating women from the 
college, as opposed to addressing issues related to their entry into the pipeline, when they are 
beginning to form their ideas about math and science. While supporting girls’ interest in S.T.E.M 
is important, the program is not geared toward addressing issues at that point in the pipeline.  
The program can have more of an impact on serving current students.  According to the program 
director, “We’re trying to be more—look at the end, where our students are graduating, and we 
have lots of them graduate as opposed to going all the way back to when girls start forming their 
ideas about math and science.  That is important, but we can’t affect that much, as much as we 
can affect our own students.” 
The program is broken into two different categories, recruitment and retention; 
consequently, the participants involved in each category differ.  The program focus is on 
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recruiting students who will likely apply to the College of Engineering; therefore, the recruitment 
efforts focuses participation on high school girls for the summer camp and college tours and 
visits.  Since the program is housed within the Undergraduate Student Service Unit, over 1,000 
undergraduate women students can participate in any retention programming.  Retention 
program participants consist of any women in engineering from either the College of 
Engineering or the College of Liberal Arts & Sciences.  Any engineering discipline student can 
participate.  Men participate in programs through the Engineering 100 course and undergraduate 
research program.  The program has very little participation from minority and international 
women.  Most of the participants in the program are white women.  
Implementation of Feminist-Based Research Framework for Women in S.T.E.M. 
This section describes how the Future Women Engineers Program is implemented.  Each 
program has supports, services, or activities to address women’s persistence in S.T.E.M.  The 
program has four primary services: academic advising, undergraduate research, engineering 
seminar, and Engineering Camp. These services or activities are based on the four themes of 
feminist research: Equity & Access, Curriculum & Pedagogy, Nature & Culture of Science, and 
Identity.  The services may overlap into more than one feminist research theme.  
 Equity & Access.  The F.W.E. program seeks equity and access by creating 
opportunities for women, as evidenced through program director interviews and program 
documents (e.g., research reports, website, flyers).  The program addresses equity and access by 
creating equitable opportunities for women through student participation in services and support 
opportunities, such as, student academic advising and undergraduate research programming.  
Providing women with more access to female role models has been a method for 
addressing unequal situations.  Academic advising is an example of providing women engineers 
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with a female role model who can support them academically.  The program director is also an 
Assistant Dean within the College of Engineering.  Academic advising is a function of both the 
College of Engineering and the program itself.  Academic advising is a critical strategy for 
providing equitable opportunities and access to both women and men engineers. A female 
engineer who is also a dean provides an important role for addressing equitable experiences. The 
program director noted, “It’s a subtle but important role, I think, for women students to know 
that there is a female dean who is an advisor so that they can come and talk to a woman 
engineer.  I think that’s a very important thing.” Young male engineers also have access to her 
as an advisor. The program director also stated, “In the fact that I advise students means that the 
young men engineers come in and talk to a woman engineer. The women engineers know they 
can come and talk to a dean that’s a female.” Providing academic advising to all students, 
primarily women students, helps to improve overall attitudes about women scientists and 
engineers. 
Women may view engineering as being more difficult than men do.  One way to address 
these views is to provide hands-on experiences for women to break down their perceptions of 
engineering.  The undergraduate research program supported by the Future Women Engineers 
Program addressed how applicable engineering is to everyday life and creates more exposure for 
experimental experiences.  The undergraduate research program is open to both women and men.  
Both women and men lack exposure to hands-on experiences; however, the program makes sure 
that women are especially exposed to these opportunities.  As a major component of the 
program, undergraduate research creates an opportunity for students to learn outside of the 
classroom.  The program director stated, “It engages students with the university in a way that 
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classes cannot.  It shows them what engineers do.  It opens their eyes to graduate school options, 
and it’s a very important program.” 
The services categorized in the equity and access theme are available for both women and 
men, even though the programming is geared toward women.  These services provide equitable 
“entry points” along the pipeline for women to encourage their engagement and retention.  The 
program has a guided philosophy of equity and equality among all students.  As the program 
director stated,  
“Some of it [the program] came from thinking if we could do this for every student it 
would be the right thing to do.  We can’t do it for every student, so we are going to do it 
for the women students, and so my kinda philosophy is that, if it’s good education…If it’s 
good for students, it’s good for women students.  It’s especially good for women students.  
That’s kinda how we guided the program.” 
 Curriculum & Pedagogy.  The F.W.E. program addresses curriculum and pedagogy by 
providing services and supports that are more tailored to how women learn and what they 
experience.  Research in this area has shown that women are relational, are cooperative, and seek 
more active learning experiences.  To address women’s retention, the program has incorporated 
more relational components and active learning experiences within their services.  The program 
services that most address curriculum and pedagogy are academic advising, freshman orientation 
course, engineering seminar, and Engineering Camp. 
Academic advising. This service is provided by the program director to give 
individualized support to women engineers.  Advising is one of the services provided by the 
program to assist women engineering students with selecting courses in which students will be 
the most successful.  The program director said, “We’ve added a lot of academic advising for 
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women students, so we look at their classes.  A lot of times, what causes students to run into 
problems is just that they are taking too many technical classes or they’re taking technical classes 
without a sold grounding in the prerequisites.”  Making sure current women students are 
successful in their academic courses is imperative to the program’s focus on retention. The 
program director explained,  
“One of the things we’ve added recently is every semester after grades come out, we look 
at the women students’ schedules, the class schedules, to see what classes have they 
signed up for the next semester, and given their performance the previous semester, is 
that going to work for them in our best judgment.  So, we’re trying to predict the future, 
but we’re using past data.”   
Although there are more than 1,000 women in the College of Engineering, the targeted advising 
is for women who have underperformed in any semester course. The program director stated, 
“We don’t look at all the students, obviously.  That would be over 1000 students to look at. But 
what we do look at is any student who has gotten below a C in any course as the semester grade.  
A D-plus or worse, we look at their entire schedule.” 
Freshman orientation. The freshman orientation program helps to ease the transition 
from high school to college for incoming women engineering majors. These women participate 
in a two-day orientation prior to the beginning of the fall semester. During this orientation, 
participants learn about resources, meet professors, become familiar with the campus, and begin 
building a network with other incoming women engineering majors. The orientation is designed 
to help these women begin to form connections and build community with other women 
engineering majors. The program director stated, “Anything that forms community is key to our 
students being successful, and also what gets people through college, engineering programs, is 
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their friends, their community, their study groups. So, anything we can do to help catalyze this 
community is going to help.” The orientation program helps to give incoming freshmen women a 
sense of familiarity with the college and university. “They leave knowing each other so that 
when they walk into classes, they know one another, so that this community gets a jump start,” 
stated the program director.   
Engineering 100. This is a required course for all incoming freshmen women into the 
College of Engineering during their first semester.  The objectives of the course are to help all 
freshman women engineers build a community, to give these women access to campus resources, 
to help them focus on academic strategies, and to provide them with leadership and professional 
skill development. The program director, who is also an Assistant Dean in the college, is 
responsible for of all the Engineering 100 courses offered.  As a part of the program and class, 
there are seminars sponsored by companies that are looking to recruit women engineers.  The 
program director noted, “It’s a chance for students to learn about what an engineer does and do 
some professional skill development.” Oftentimes, companies will contact and ask to give a 
presentation about women and engineering. Those presentations are designed to create business 
connections and help current women engineering students build relationships with professional 
women engineers. 
Engineering Camp. Although Engineering Camp is a summer program used to help 
recruit high school girls interested in S.T.E.M., the program is run by current women engineering 
students.  These women are hired as counselors, lab assistants, and instructors for the summer 
camp.  During the week of the program, young women interested in engineering learn from 
current women engineering students.  An unexpected result of hiring current women engineering 
students is the impact their involvement in the camp has on their attitude about engineering. The 
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program director explained, “Current students who get involved in Engineering Camp are much 
more enthusiastic about engineering and have a higher retention than the other students.  So not 
only is Engineering Camp a recruiting technique, but it also seems to be quite effective for 
retaining students, too.” Realizing the positive impact their participation in the camp has on 
current women engineering students, the program director uses the camp as a retention tool: “We 
hire about 30 to 40 women engineering students to act as teachers, coordinators, and counselors 
for that week of camp.  That’s actually a nice retention mechanism for the students.  Once they, 
college students, teach engineering for a week to little kids, they are so excited about their own 
major.” 
 Nature of Science. The theme of nature and culture of science challenges the portrayals 
of science and the need to challenge the dominant thinking regarding science as being objective 
and rational.  The Future Women Engineers Program has challenged the nature of science by 
being fully incorporated into the College of Engineering by the college dean, rethinking the 
engineering curriculum, and building faculty-student relationships. 
Diversity is a priority for the College of Engineering dean and is a component of the 
college’s strategic plan. There is a lack of diversity in the college overall, but there has been a 
shift in the conversation—from talking about diversity to implementing programming to address 
women in engineering. The program director said, “Over the past few years, I have seen the 
atmosphere go from, ‘Oh gosh, another talk about diversity. —Let’s all roll our eyes to people 
being active to supporting the diversity issue.” The Computer Science Department is an example 
of this shift. According to the program director,  
“Recently, Computer Science called me up and said we want to do a special program for 
incoming freshman women.  How should we do that? When should we do that? They are 
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taking ownership…sometimes efforts get siloed, and I’m very glad to see that the college 
has made this…diversity everybody’s issue.  I really believe it’s starting to take effect, 
that people are starting to own it for themselves.” 
The Future Women Engineers Program is closely connected to other engineering 
departments within the college because of academic advising.  Every department has chief 
advisors who meet with the program director monthly. During these monthly meetings, the 
program director discusses women in engineering issues, and the chief advisors discuss how to 
better support women engineers through orientations and providing undergraduate research 
opportunities. The collaboration between departments helps to integrate women engineers into 
their more specialized departments. The program director said, “We are a part of the fabric of the 
college, and that helps to get the message out to the departments in a much more effective way.” 
The program director believed that all freshman courses could be adjusted to be friendlier 
toward students because of the difficulty of the engineering curriculum:  
“I think that some of our freshman courses could be tweaked a little bit to be a little bit 
friendlier to students.  There’s just so much that you could to that could be easier.  If 
there is a way that we could stagger midterm exams so that students don’t have midterms 
all at once…I wish that the Engineering curriculum was not as jam-packed as it is.  It’s 
an awful lot that the students have to do, and they don’t mind hard work.”   
Along with the adjustment to the freshman courses, the program director thought that faculty 
could interact with women students better.  The program director described asking students what 
would make a good teacher: “If you ask women students who is a good teacher or what makes a 
good teacher, they all say, ‘Oh, when you walk into the office hours, they say hello and they look 
at you.’  I mean, these are not hard things, but if we’re not doing them and it’s not out of malice, 
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it’s out of busy-ness.  But if we could get the faculty to take a deep breath and say, ‘Hi, how are 
you doing?’ It could make a difference.” 
Identity.  Gender is an integral part of identity, but it is not the only part of identity formation.  
Identity includes, but is not limited to, gender, race/ethnicity, socioeconomic status, and sexual 
orientation.  When supporting students with developing a science identity, gender is not the only 
aspect that should be addressed.  Role models are critical in helping women develop their 
identity.  The Future Women Engineers Program has most often seen or acknowledged identity 
through collaborations with other programs across campus.  The program director noted, “I think 
our students, our undergrads, they want to be engineers.  They don’t want to be thought of as a 
special group needing special attention.  At the same time, I think they recognize the value of 
having a community of women friends.  I think if you talk to women undergrads in engineering, 
they work hard, but they love what they are doing.  They like engineering.  And they’re proud of 
what they can do in engineering.” The Future Women Engineers Program partners with the 
Office of Women Programs and the Minority Engineering Program to offer support for women 
engineers.  These programs highlight the formation of women engineers’ identities as engineers, 
minority women, or minority women engineers.  
The program director noted that some women students resisted acknowledging their 
gender and science identities.  They want to be viewed as an engineer, not as a woman engineer.  
For example, the Future Women Engineers Program has a collaborative partnership with the 
Office for Women Programs in the College of Liberal Arts that addresses women’s issues, such 
as assault and harassment.  Participation in the Office of Women Programs events was limited 
because female engineers did not see themselves as women, but as engineers.  The program 
director stated, “I think the women students in engineering, they see themselves as engineers who 
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happen to be women.  So, they don’t feel a big need to go to lectures on campus about women’s 
role in society or women’s enlightenment or women’s empowerment.  They are, like, ‘We don’t 
need that.’” Because of how women view themselves, the Office of Women Programs had 
difficulty getting women engineering majors to participate.  Through a collaborative partnership, 
the Office of Women Programs has been able to reach students they may not typically have seen, 
and women engineers now have greater access to resources on campus.  The program director 
said, “It helps our students to see another side of women’s issues.  But it helps the women’s 
program to draw out students.” 
The Future Women Engineers Program also has a collaboration with the Minority 
Engineering Program.  Both programs are offered through the Undergraduate Student Services 
Unit.  Many of the activities offered by the F.W.E. program are also offered through the Minority 
Engineering Program.  Minority women engineers have opportunities to participate in both 
programs. The program director discussed the participation of minority women in the Future 
Women Engineers Program freshman orientation: “Freshman orientation, we get about three-
quarters of women students.  I would like to do better with minority females.  However, they do 
have lots of opportunities through the Minority Engineering Program, so we coordinate a lot.  
We do a lot of things together, but I wish we had more minority women participating in our 
programs…I think we are hitting the majority females pretty well.” 
Success 
Since the F.W.E. program cannot fully account for program success solely based on 
student matriculation numbers, it also views success by its ability to improve the quality of 
student experiences and provide support from college and faculty.  The program director stated, 
“I can’t really point to the numbers.  I think it helps improve the quality of the experience 
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students have when they’re here…So it’s hard to point to numbers to say, ‘Yes, we have 
increased retention by so much,’ but I think the intangibles of improving the qualities of 
students’ experiences here, I think we have helped with that.”  
Success was broken down by the program director into immediate and long-term impacts.  
The immediate impact of quality student experiences would be the building of community and 
networks.  The program designs its services to build community.  As stated by the program 
director, “The immediate impacts are that they get to know a community.  They get to form a 
network.  They get tied to the university in a way that classes by itself can’t do.  And they find 
things that they really enjoyed and appreciated by engineering and they stick with it.”  The 
immediate impact is that students are happy with engineering as a major.  According to the 
program director, “An immediate impact is that they [students] will be happy with engineering 
and they’ll say it.  It will have a long-term impact for them because they will have their 
engineering degree.  They’ll have a career.” 
As discussed in the nature of science section, the program has been able to support other 
departments in making women-inclusive or women-focused programs.  The influence the 
program has had on other college programs and departments is viewed as a success by the 
program director: “The program has a big impact on how the college runs programs and how the 
departments run programs.”  Faculty support has been a success primarily because large grants 
often require an education outreach component; therefore, faculty reach out to the Future Women 
Engineers Program to help build out the outreach component.  Faculty input regarding 
curriculum development for Engineering Camp, their involvement with undergraduate research, 
and their participation in freshman orientation have helped the program’s success. As explained 
by the program director,  
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“We’ve gotten faculty, a lot of faculty involvement, because the National Science 
Foundation, for their large grants, wants [an] education outreach component, and so what 
a lot of faculty have done is they have seen that we can organize the camp and get the 
girls here and they can just do the curriculum… We also get faculty involvement, as I 
said, in the undergraduate research program departments, get involved in our women in 
engineering orientation at the beginning of the freshman year.  They, as a part of the 
orientation, the girls go to their home department and they spend about an hour, an hour 
and a half, with people in the department, and this is even before classes start.  The 
people in the department are starting to get to know the women in the freshman class.” 
Challenges 
The Future Women Engineers Program faces three major challenges to fully 
implementing the model: staffing, funding, and lack of program evaluation for programmatic 
improvement. As mentioned previously, staffing for the F.W.E. program includes a full-time 
program director and a full-time program coordinator. The secretary is shared between the Future 
Women Engineering Program and the Minority Engineering Program. There are two part-time 
undergraduate students who support the work of the program. The graduate students help to 
support the Engineering Camp.  The student workers help support the office administration 
needs.  In addition to the undergraduate student workers, there are graduate students who help 
support the Engineering Camp. 
Maintaining a stable staff is a challenge for the program.  Addressing this topic, the 
program director said, “One of my staff…resigned over the summer, and we are searching for a 
replacement.  But until that person comes in, we’re making do.”  The program coordinator was 
temporarily replaced by an hourly student who works 10 to 15 hours each week. The program 
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director stated, “The program coordinator resigned over the summer and so we’ve hired an 
academic hourly to help half time until we get the permanent program coordinator.” 
Considering how small the staff is, the loss of a main staff member has a significant impact on 
program delivery. 
There are two primary funding types for the program—the college and external funders.  
The program director explained how the Future Women Engineers Program is funded.  The 
college provides funding for staff salaries and core programming (e.g., freshman camp).   The 
program directors noted, “Some of our programming is underwritten by the college for 
recruiting and retention efforts.”  All extra program funding is from corporate sponsors. 
“Anything extra we do is money we raise through corporate sponsors,” stated the program 
director.  Undergraduate research and workshops are funded by S.T.E.M corporate sponsors.  
The program director applies for such funding opportunities through notices from the 
Advancement Office.  As stated by the program director, “The College of Engineering has an 
Advancement Office who works with the campus office, and every now and then, they will say, 
‘Shell is ready for their annual gift.  Write a page for women and engineering and maybe you’ll 
get some money from them.’” Although there are numerous opportunities for external funding, 
this funding is not guaranteed. 
Outside of salaries funded by the college, all other programming may not occur without 
outside funding.  The program director elaborated on program funding: “A lot of the time, if we 
don’t have funding, we can’t deliver the programs… So, the undergraduate research program, 
we couldn’t do without funding.  The freshman camp just wouldn’t happen.  So basically, our 
salaries are paid for; anything else has to be funded from either the college monies—a small 
portion—or outside.”  Even the Engineering Camp, which is a main support mechanism for 
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recruiting and retention, is self-supported by students’ tuition and corporate sponsors.  The 
program director explained, “The camp is self-supporting… Camp tuition pays for everything, 
and companies give money for scholarships to girls who wouldn’t otherwise be able to come.”  
The funding for the program is not stable and can change without the diversification of a funding 
profile.  The dependency on corporate sponsorship—camp tuition, for example—has an impact 
on the long-term sustainability of the program. 
A formal evaluation of the program has not been conducted.  Without a formal 
evaluation, it may be difficult for the program to demonstrate the impact it is having on the 
success of women in engineering.  In her interview, the program director recognized a need for 
evaluation: “Within the Undergraduate Student Services Office, we should have a program 
evaluator who can evaluate not only women in engineering, but all the programs the college 
does with undergraduates.”  Evaluation is a need that the program director would like her staff 
to have some expertise in so that the program can perform some in-house evaluation: “I would 
like whoever comes in as academic program coordinator…to take [evaluation] classes) so that 
we have in-house expertise in that area.”  
Even though the overall program has not been evaluated, the Engineering Camp has had 
a formal evaluation.  It has been evaluated through the S.T.E.M Evaluation Center on campus.  
The primary finding from the evaluation is that girls’ attitudes toward science and engineering 
has seen a positive change; however, this change is less for minority girls.  According to the 
program director, “The basic result is that the camp does change attitudes toward science and 
engineering for the girls who participate, especially for majority girls… The gains seen by 




Case 2: Pioneer Women in Engineering 
Introduction and Context 
Case 2 is the Pioneer Women in Engineering Program. This program was founded in 
1969 by a male engineering professor who taught Freshman Engineering and served as an 
academic advisor, along with being the dean of the college. At that time, fewer than 50 women 
were studying engineering, which was less than 1% of the student population. The original 
assumption about women’s lack of participation in engineering was that they were unaware of 
engineering as an option for study. According to the current program director, “That philosophy 
didn’t work because the retention rate for women in engineering three years later was still 
relatively low (25%). The assumptions then shifted because if we’ve told them about the 
programming and we still are not getting an increase in participation and retention, then the issue 
must be that women are not properly equipped for engineering study.” 
The Pioneer Women in Engineering Program is within the Undergraduate Education 
Administrative Office housed the College of Engineering. The Undergraduate Education 
Administrative Office is responsible for recruiting, retaining, educating, and graduating all 
engineering students. The office oversees 10 programs designed to support engineering students. 
In addition to the programs, the office oversees and coordinates grade appeals, academic 
advising, curriculum, and support services and programming. Physically, the Pioneer Women in 
Engineering Program administrative office is in the College of Engineering building. The Living 
Learning program is housed in two dormitories on campus, where some of the tutorial programs 
are also administered. 
The program is primarily funded by the College of Engineering, which provides about 
43% of the program’s budget. There are a few small endowments, with some specifying that the 
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funds be directed toward scholarships. At one point, there was some external funding from the 
National Science Foundation and various women engineering societies for programming. 
Currently, corporate sponsors make up 23% of external funding for programs. Pioneer Women in 
Engineering Alumni and individuals make up about 27% of the program/s budget. Seven percent 
of funding comes from reimbursements.  
The Pioneer Women in Engineering Program was directed by a male professor until the 
mid 1970s. After him, a woman directed the program for over 30 years. The current program 
director has been the director since 2007. She is a Purdue graduate who received both her 
bachelor’s and master’s degrees in mechanical engineering. The director’s primary responsibility 
is directing the recruiting efforts for the program, and she reports directly to the associate dean of 
the Undergraduate Education Administrative Office.  The associate dean reports directly to the 
Dean of the College of Engineering.  The current Dean of the College of Engineering was 
formerly the associate dean of Undergraduate Education, and she has been a faculty member at 
the college since the late 1970s. 
The program is staffed by 3.5 full-time employees and two half-time graduate assistants. 
The administrative staff includes the program director, associate director, and administrative 
assistants. Staffing responsibilities are separated into three focus areas: outreach, recruitment, 
and retention. The program director focuses her responsibilities on recruitment programming. 
The associate director focuses on outreach and retention programs and provides most of the 
direct supervision of the graduate students who support and lead the outreach programs. The 
Student Leadership Team focuses on supporting all programming regarding outreach, 





The Pioneer Women in Engineering Program has a commitment to increasing the number 
of women in engineering majors and the number graduating from an engineering program.  The 
program began implementing activities to address women’s what was thought of as deficiencies 
in engineering.  Until the 1980s, the programming addressed women’s deficiencies.  The 
program director at that time participated in an international conference where the program’s 
assumptions about women’s deficiencies were challenged.  The program director realized that 
the program needed to shift directions.  Instead of focusing on women’s deficiencies, the 
program began focusing on assisting women with navigating the engineering culture.  Now, the 
program’s services and activities are organized into three focus areas: outreach, recruitment, and 
retention.  Outreach programming focuses on increasing girls’ interest in engineering while they 
are in grades kindergarten through 8th grade.  The focus is not on getting these girls to apply to 
or enroll in the university’s College of Engineering.  Recruitment efforts, however, do focus on 
encouraging high school girls to consider the university—and the College of Engineering, 
specifically—as a choice for higher education and major selection.  Retention refers to 
maintaining women’s interest in engineering throughout their matriculation in engineering.  
Program activities and services are tailored to align with the mission and goals of the program 
regarding outreach, recruitment, and retention.  
 The Pioneer Women in Engineering Program’s mission is to increase the recruitment, 
retention, and graduation of women in engineering at the university.  According to the program’s 
2010-2011 Annual Report, the mission of the program is to develop and direct activities that 
provide the following: 
1. Encouragement for girls and young women studying engineering 
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2. Information about career and companies 
3. An environment conducive to the successful completion of student studies 
There are six objectives of the program: 
1. Provide career information to continue achievement in math and science and consider 
engineering as a career 
2. Encourage women to matriculate through the College of Engineering 
3. Ensure the college’s climate allows women to reach their potential 
4. Provide opportunities for women engineering students to develop leadership skills 
5. Encourage women to consider graduate education as an option upon graduation  
6. Maintain open communication with alumnae and their employers to encourage 
continued participation and support of the program 
The program activities are broken into three categories: outreach, recruiting, and 
retention.  Outreach programming consists of afterschool programs for students in kindergarten 
through 8th grade, residential campus for high school sophomores and juniors, and one-day 
special events.  Recruiting activities consist of Engineering Discovery Days for high school 
juniors and seniors, and one-on-one programming for admitted students.  Last, retention 
activities consist of a residential program for women in engineering, tutoring, mentoring 
programs, leadership teams, and an Engineering 100 seminar course.  
Program participants are categorized by the three focus areas of outreach, recruitment, 
and retention.  Outreach participants are elementary and middle school students who participate 
in Pioneer Women in Engineering Program afterschool programs.  The primary purpose of 
outreach programs is to have a diverse population of participants.  However, outreach programs 
are local to the university community.  Many of the participants are international, Asian 
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American, and White students. African American, Hispanic, and Native American students 
rarely participate, as there are not many students in these racial and ethnic groups located near 
the university. 
The participants for recruitment programs are women who have applied to the university 
for admission into either the Math Department or any engineering major.  Any female applicant 
can be a participant in recruitment programs.  Retention programs are open to any engineering 
major on campus.  There are not many underrepresented racial and ethnic students who 
participate in the Pioneer Women in Engineering Program.  Many of the participants are 
international, Asian American, or White students. 
Implementation of Feminist- Based Research Framework for Women in S.T.E.M 
This section provides a description of how the Pioneer Women in Engineering Program 
implemented a feminist research model for women in S.T.E.M.  The findings are presented 
according to each of the four themes: equity and access; curriculum and pedagogy; nature of 
science, and identity.  
Equity & Access.  The Pioneer Women in Engineering Program seeks equity and access 
by creating opportunities for women as evidenced through program director interviews and 
program documents. The Pioneer Women Engineers Program has addressed equity and access by 
shifting the program philosophy from a deficit model to a model that supports connection. 
In the beginning, the program was guided simply by getting women to attend the 
university and major in engineering. Once they were enrolled in the college, it was expected that 
they would be able to succeed.  However, the retention of women in engineering did not 
improve, so it was determined that the issue was not attendance or major choice. The first 
program director thought the issue must be that women are not prepared to be successful in 
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engineering.  The deficit model drove programming for women during the early stages of the 
program. The program director explained this:  
“There was the thought that we told them [women] about it, but then they’re not 
prepared, equipped, to be successful in the engineering labs, so they had actually some 
classes and workshops about introduction to tools and machines, and you that sort of 
thing, in a sense, remedial training.  You know how to act like a man.  You know it’s sort 
of like the women are deficient, and it’s based on that deficit model.  So, the first thing 
we’ll tell them [about engineering], and they’ll come, but that didn’t work.  Then it went 
to women are deficient. We’ll train them and make them more like men, and they’ll be 
fine.” 
Since the program has shifted away from trying to get women to be more like men 
engineers, its programming has not addressed equity and access as an issue.  The program 
addresses equity and access through recruitment of women into the program.  When the program 
had a deficit model philosophy, the focus of the program was to equip women to be prepared to 
work like men.  Now, the program’s philosophy is on connection between women to encourage 
and support retention.  Once a student is admitted to the College of Engineering, current 
participants in the Pioneer Women Engineers Program contact them to build connections.  The 
program director said, “Our goal is that every admitted woman to the College of Engineering has 
a conversation about any questions, can I share some of my personal experiences with you, that 
kind of thing.  That’s the main component of that program.”  During these conversations, newly 
admitted women engineers receive communication about the opportunities the program offers to 
women to have them be successful as an engineer beyond remedial training.  The program offers 
mentoring, tutoring, living learning residential housing, an engineering seminar, and workshops 
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as opportunities for students to form connections to other women engineers.  These services have 
been developed to address the relational and cooperative aspects of women engineers.   
Curriculum & Pedagogy.  The Pioneer Women in Engineering Program addresses 
curriculum and pedagogy by providing services and supports that are more tailored to how 
women learn and what they experience.  Research in this area has shown that women are 
relational, are cooperative, and seek more active learning experiences.  This section will focus on 
the retention services that address curriculum and pedagogy: tutoring, mentoring, and seminar 
classes. 
Tutoring. The Pioneer Women in Engineering Program has a tutoring center located within a 
residence hall conference room.  The tutoring center is a drop-in student service provided for 
first-year classes and is co-hosted with another women’s science program on campus.  
Homework help is provided by female upper-class science and engineering students.  According 
to the program’s annual report, “Thirty-two upper-class science and engineering students were 
hired and trained as tutors.  In addition to providing homework help, the tutors are seen as 
mentors and role models.”  Students receive the most assistance in math, chemistry, and physics.  
The program’s 2010-2011 annual report states, “Math was by far the most tutored subject, 
followed distantly by chemistry and physics.” 
Although the Pioneer Women in Engineering Program is the primary sponsor of the tutoring 
center and aims to serve women in engineering and science, it is open to all students on campus.  
The program director stated that a good proportion of the students served are male students: “I 
think it was probably 40% male of the students that used the program.”  Along with helping 
students understand concepts and helping them with their coursework and exams, having both 
women and men participate in tutoring services and receiving those services from women has 
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had some benefits to help break down misconceptions about women engineers.  The program 
director said, “A less obvious benefit is that we hope they are getting help from women who, 
along those lines, have been successful.  Another benefit is that the men who come are getting 
help from women, and that’s a good thing for men to see as well.  So, we’re really good at 
layering.” 
As with the overall theme of the program, the goal of the tutoring program is to help students 
make connections.   As the program director explained, “We try to talk to students about all the 
options that are available, with hopes that one of them is convenient, that they find a connection, 
that they feel comfortable going wherever.”  A goal of the program is for students to make 
connections, not only with the tutors, but also with other programs on campus that support them.  
Since the Pioneer Women in Engineering Program provides tutoring services in the evening, the 
program director wants to make sure students can also receive support during the day, if needed.  
There is a tutoring center supported by the Minority Engineering Group that students are 
encouraged to attend during the day.  The program director said, “They’re [the Minority 
Engineering Group] actually meant to be complementary in the Minority Engineering Group is 
in an academic building… If students are on campus and they have time in between classes we 
encourage them to use their tutoring services and other resources.” 
Mentoring. Designing a mentoring program to provide early engineering women students 
with supportive relationships has been helpful with respect to women’s persistence in 
engineering. The program originally started with only a pair mentoring program; however, after 
an overwhelming response from incoming students wanting to participate in mentoring, the 
program created a second mentoring program. Currently, there are two mentoring programs: pair 
mentoring and group mentoring. The pair mentoring program partners first-year and second-year 
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students as mentees with third-year and fourth-year students as mentors. The group mentor 
program is centered around peer or network mentoring. Both programs have the same goals for 
women engineer participants. The goals of both programs are to be supportive, build confidence, 
and provide strategic advice and tips to women engineers. According to the Pioneer Women 
Engineers Program Conference Papers, students who participated in the mentoring program 
commented on how the program impacted them. Their comments align with the programs goals: 
“My experience in the Mentoring Program has positively contributed to the amount of 
personal support that I have received through contacts with female role models and 
mentors.  My experience in the Mentoring Program has positively affected my confidence 
through affirmation of my skills and values by others.” 
“My experience in the Mentoring Program has given me effective strategies for planning 
and preparing to reach my career goals.” 
“I believe there was a relationship between the above program goals and the topics 
covered at monthly meetings.” 
“I feel that sitting with my group [pair]) / sitting with my major[peer] helped me get to 
know the other participants and provided support through relationships with other girls 
outside of my mentoring pair [pair] / with other women in my major [peer].” 
Program staff sort through incoming students’ applications to determine who will 
participate in the mentoring programs.  They analyze the applicants’ descriptions of their 
engineering career goals, expectations of the program, desired characteristics of the 
mentor/mentee relationship, hobbies, and self-described personality traits.  According to the 
mentoring conference paper, participants from the pair mentoring program have felt that the most 
helpful characteristics of a successful mentor/mentee relationship are similar interests and same 
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major: “Having the same interests and the same major as their mentor/mentee made the 
relationship more fulfilling.”  Participants in the Peer Mentoring Program noted through the 
conference papers that “meeting others and hearing about different experiences, getting advice 
from upperclassmen and networking were most helpful.” 
Engineering Seminar. The Pioneer Women in Engineering Program has a one-credit 
woman engineer seminar with several goals that guide the activities in the course.  According to 
the program director, the program “provides a supportive climate and information on a wide 
range of career options for engineering students through the personal and inspiring account of 
practicing women engineers.”  According to a conference paper, the primary goals for the 
program are that students do the following: 
• Interact with female engineering role models 
• Learn techniques by which engineering women can maintain a work-life balance 
• Learn about opportunities to interact with other women engineering students, 
professors, and organizations on campus 
• Learn general strategies for academic and interpersonal skills needed to succeed in 
engineering 
• Gain supportive relationships along with practical information among peers with similar 
academic and career goals. 
Additionally, there were secondary goals for the program: 
• Reflect on their personal growth over the course of the semester 
• Receive exposure to many of the engineering disciplines offered at university 
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• Have their decision to choose an engineering major reinforced by interaction with 
speakers and peers 
• Realize the versatility of an engineering degree 
• Be retained at a higher rate in the program than female cohorts who do not take the class 
• Be retained within engineering (i.e., graduate with an engineering degree) at a higher rate 
than female cohorts who do not take the class 
The course is not taught by traditional professors, but rather by guest speakers. Each 
week, women alumnae present on different topics. The topics are not traditionally prescribed to 
alumni presenters. In the seminar class, students’ educational experience is enhanced by learning 
about internships, co-ops, undergraduate research, graduate school, and professional degree 
programs. During the course, students receive tips for success at the university. The program 
director stated that the program takes a different approach to delivering information to students 
about the engineering career path:  
“So, lots of different approaches, and we try to have alums that have done some…pretty 
traditional engineering trajectory, but we also try to get alums in who have done non-
traditional.  It’s becoming more accepting now that maybe the students haven’t thought 
of, like, getting an MBA.  S, we bring in people.  We had a pediatrician.  We had a patent 
attorney last week.  And this week, we have an astronaut.  So, there are all different kinds 
of things.  It’s really inspiring.  I love this class.”  The seminar course exposes women 
engineers to more options than engineering.  There are many paths women can take along 
the science pipeline. 
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The openness of the guest speakers allows current women engineers to relax and be at 
ease with the discipline of engineering. The program director stated,  
“Some of them [guest speakers] have been out a long time and they'll say, you know, 
don't sweat the small stuff, failing a test is small stuff, failing a class is small stuff.  Don't 
worry so much about the decisions you're making of what discipline of engineering I 
should go into or what class I should take on this or should I do this or should I take this 
opportunity instead.  It will all work out.  There are different paths.  They have this laid-
back, everything is going to be okay kind of approach.  And some of them, they just say, 
‘What do you want to know? My life is an open book.  Ask me anything about how I do 
work and family and everything else that I'm interested in; fire away.”  The program 
places value on the importance of exposing women engineers to different paths and 
reassuring students about their decision to major in engineering. 
Students who participate in the program note that the seminar has a positive impact on 
their feelings of support.  As stated in the national conference paper, “[For a] majority of 
students, expectation for the course were met and included: to be encouraged to continue to 
pursue engineering, and to network with peers and speakers from industry.”  Considering that a 
primary goal of the seminar is for women to gain supportive relationships, the seminar class is a 
success for the program. 
Nature of Science.  The theme of nature and culture of science is challenges the 
portrayal of science and the need to challenge the dominant thinking.  The Pioneer in 
Engineering Program has challenged the nature of science by evolving from one in which 
women were viewed as being deficient to one that provides women engineering majors with 
tools to be successful in the culture of engineering. After the former program director was 
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questioned at colleagues at an international conference about addressing women from a deficit 
model, the program began to change its viewpoint on supporting women’s retention in 
engineering. The program director said,  
“It sort of changed the framework of how we think about things, and it’s not a deficit 
model.  The programs about why we don’t have women in engineering doesn’t [sic] have 
anything to do with the women themselves.  It probably has a lot more to do with 
engineering as a profession, the way we talk about engineering, the way we market 
engineering, the way the engineering culture is set up, what the culture of how to be 
successful and what that means…those are all things that somehow keep women away.”   
The program shifted to provide programming for women to support them in navigating the 
engineering culture so that if they do encounter an unwelcoming climate, they will have 
resources to encourage them into staying in their engineering program.  The program director 
noted, “We have these women here that we want to get through the system, and so how do we 
provide them with information and support and encouragement so that when they run into these 
things, if they do—some of them swear they don’t and that’s fine—but if they don’t, they don’t 
see that as ‘I don’t belong here, I’m going somewhere else’ kind of thing.” 
The Pioneer Women in Engineering Program addresses the nature of science by creating 
programming that promotes connectedness to other women students.  Connectedness is the 
overall strategy employed by the program to engage women engineers in the program.  The 
program director said, “Our program is very much set up on connectedness.  If there is one, 
overarching theme of what we do for our current students, that would be the thing that we are 
trying to connect students with each other so that they feel engaged, so that they feel a part of it, 
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so that they feel there are other people like them in this thing.  You know, so that they don’t have 
that isolation feeling.  So that connectedness is probably that overarching strategy.” 
The program challenges the portrayals of women in science by using its influence within 
the university to ensure there is representation of women in committees across the university.  
Influence looks like knowledge sharing— either through campus committees, women 
engineering conferences, or one-on-one information sharing. According to the program director, 
within the university, there is a recognition around campus of the good work the Pioneer Women 
Engineers Program is doing for women engineers. Because of that recognition, the program 
director participates on many committees on campus: “I get put on a lot of university 
communities, so I assume that I do[influence]. There is recognition that we do good things and 
that we are important to the institution.” 
Outside of the university, the program is challenging the dominant thinking of science 
and the portrayals of women in science by sharing information with other institutions about 
women in engineering programs.  The original program director of the Pioneer Women 
Engineers Program was one of three founding members of a national non-profit organization 
designed to enhance the success of women engineers.  The current program director noted, 
“These three individuals spread the news about what is a woman in engineering program and 
what would you do with a woman in engineering program…I have a sense that a lot of women in 
engineering programs that exist now exist because of those efforts at spreading the news 
around.”  Because the program was one of the first women engineering intervention programs in 
the country, many institutions call them for advice on developing their own women engineers 
program.  The program director spoke to this: “We get a lot of questions from other institutions.  
How do you do this? How’s that setup? We are willing to share almost everything.  There are a 
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few things I consider not shareable, but mostly…I’m happy to give everything.”  A major 
component of the Pioneer Women in Engineering program is its mentoring programming. The 
mentoring program model that program has developed has had influence on other women 
engineering programs. The program director openly shares experiences with other programs.  
According to the program director, “Other universities have extensively borrowed it, and we 
freely share that information.”  
Identity.  Identity for the Pioneer Women Engineering Program is focused more on how 
the program identifies itself based on the perception of women engineer participants.  Women 
engineers do not see gender inequality or think there are issues or disparities.  They do not want 
to be perceived as needing special attention.  There are no differences separating them from their 
male colleagues; therefore, there are no gender issues.  Since there are no gender issues, there 
should not be special programming that is based on their gender.  According to the program 
director, “There is more and more of a mindset that there are no gender issues anymore— in 
society in general, there just aren’t.  They haven’t seen them in high school.  You know, the top-
performing students academically in high school are female.  They’re in calculus classes.  
They’re in physics class, chemistry, whatever it is.  They’re in leadership positions, so obviously, 
there are no gender issues.” The recognition by the program director that women engineers 
think gender issues do not exist has caused the program staff to reframe how they discuss the 
program differently with women engineers and external stakeholders. 
The Pioneer Women in Engineering Program addressed how women identify as women 
and women engineers by reframing how the program is discussed with women participants.  
When the program director discussed the program with women engineers, there is no mention of 
it being a retention program or a support program.  The program does not use these terms with 
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women engineers because women do not identify themselves as a special group that needs 
support.  According to the program director, “Part of what we do is we don’t talk about 
programs as retention programming.  These are words that I use to students, I say in academic 
circles, I say that to our corporate partners, but I don’t say that to students because I don’t call 
it a support program because then their question is ‘Why do you think I need support? Do I need 
support? I didn’t realize I needed support.”  Instead of speaking about the program as providing 
additional support because there is an issue with women’s retention in engineering, the program 
director frames the program as network building: “When we talk about it [the program], we talk 
about community building, networking, being connected with each other, and those are things 
that do resonate well with all of our female students.”   
However, when speaking about the program in an academic context or when speaking 
with corporate partners, the program director continues to call the program a retention or support 
service even though women engineers do not want to be identified or labeled as having an issue. 
The conscious decision to speak about the program differently based on the audience reflects 
how the women engineers view themselves.  In an effort, not to increase self-doubt or discourage 
students from participating in the program, the program director speaks about women in a 
general sense because she wants to reach women engineers in mass: “I’m talking about women 
in a very general sense. Certainly, there is a wide spectrum of women.  There is an overlap of 
gender and culture and socioeconomic status that would make different groups within this 
generic women thing feel differently about those words, but in the mass, that doesn’t go over 
well.” Although there may be a lack of public acknowledgement regarding the different 
identities of the women engineers, to reach the largest number of women, the program does 
acknowledge that connection is the best way to engage them. 
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One of the program components that helps student form their identity and supports 
retention is the learning community.  The learning community is for first-year students and 
allows women engineer students to live together in two dorms on campus.  The Housing 
Department selects students to live in the Pioneer Women Engineer Program Learning 
Community.  According to the program director, selection is based on several criteria: “They 
don’t want all students to be from one state, and they don’t want all students to be from the 
United States, so we’ll get in-state, out-of-state.  They want students to come from all different 
geographical areas.  They want to have students of different ethnicities and different races as a 
part of that; they look at all of these things.”  Selecting women engineer students who come 
from diverse backgrounds to live together helps to support the program’s philosophy of building 
connections.  According to the program director, “It turns out, we’ve decided, made an executive 
decision, that the biggest benefit of living in the women in engineering learning community is 
just living together.” 
Successes 
 The Pioneer Women in Engineering Program accounts for success through alumni 
support, college support, community building, and six-year graduation rates. The program’s 
strong alumni system has been a great contributor to the program’s success. Alumni contribute to 
the program financially and programmatically. Financially, alumni contributions account for 
about 15% of the program’s budget. Programmatically, alumni are guest speakers for the seminar 
class and workshops. The program director stated,  
“The alumni support, we’ve been growing that as well.  One of the great things about 
having had a program for 40 years is that there is really a lot of women who have been 
through it and benefitted from having been through it.  There is a pretty loyal alumni 
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base, and that’s a really great thing.  And they show their engagement in many ways, 
some of which is coming to talk at these venues that we have, and some of it is writing us 
a check for $50, and that adds up, if there is enough of those $50 checks.” 
 Support from the college has been helpful with the program’s success.  The new dean of 
the College of Engineering is women who strongly supports women engineers, therefore, the 
program has received increased opportunities for funding and additional funding because of the 
dean’s support.  The college’s development office informs the program director of different 
funding opportunities.  As the program director stated, “It is a partnership… I get a lot of 
support from the development office, who gets their sets of priorities from the dean's office.”  
The program received a one-third increase from the college’s budget allocation to support 
programming with support from the new dean of the college.  The program director thought the 
increase came because of the current dean’s support of the program: “You know, there are 
always some things you wish you had that you don’t have, but overall, really quite positive.  The 
current dean was...so I report up through the associate dean for undergraduate education.  
Before the current dean was dean, she was the associate dean for education, which is one of the 
reasons I think our budget has been increasing lately...helpful in that regard.” 
 In addition to receiving support from the college dean, the program also receives support 
from college faculty.  Faculty support the program by advising and presenting seminars.  The 
program director acknowledged faculty support during the interview, stating,  
“I didn't talk about this very much, but faculty are involved in our programs.  In the 
content, particularly, the technical content in what we do.  We have a lot of faculty 
advisors.  In the recruiting events, faculty are the ones who present those sessions to the 
students.  So, we do have very good faculty involvement.  The great thing about where we 
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are and what we do is we have faculty who want to work with us.  So, I don’t hear a lot of 
faculty talking about how maybe we shouldn’t be here… Maybe it’s the circles I am in the 
within college but there’s really very strong support from the dean’s office, from the 
heads of the departments, for what we do, and so I don’t ever feel like I’m trying to duck 
from the administration or from the faculty.” 
 Community building has been a goal of the program, and it has successfully impacted 
women engineer participants.  The program director said in her interview that the program 
impacts students’ success by building a community of support for students: “Well, certainly the 
community…. It’s community building, it’s networking, it’s bringing them into the university 
family.  Those are the words I use when I talk to students about... so that is a big part of what we 
try to do.” Alumni support community building by sharing their stories with current students so 
that students see themselves in other women engineers who have been successful.   The program 
director added,  
“Alums are a big part of our programming as well, particularly with the current 
students.  And so, when the alums come back and share their stories, some of that creates 
a want in the students... ‘I want to do something like that.  That's cool.  That’s exciting.  I 
can see myself there.  I want that.’  Also, when they share...some of them have had 
struggles, and when they share some of that: ‘I was an A student in high school, not in 
college.  This is what I did.  I have a degree.  I love my job, and I am successful.’  I am 
shortening that quite a bit.  I mean, again, we are not primary drivers of want and asking 
for help, but we do plant seeds.”  




Participants in the Pioneer Women Engineers Program seminar class have shown higher 
rates of 6-year graduation than have women engineers who did not participate in the program. 
While the program cannot attribute causation of the higher graduation rates to the program, there 
was an increase in graduation rates for students who participate. 
Challenges 
 There are two identified challenges the Pioneer Women in Engineering Program faces 
that may influence its success: acquiring funding and maintaining diverse student participation. 
About 40 to 50 percent of the program’s budget comes from the college.  According to the 
program director, this is not enough to operate the program; consequently, the program must 
seek external funds, such as endowments, grants, and corporations:  
“And it is somewhere between 40 to 50 percent of our budget.  So, um, not sufficient to 
run the program.  The rest is primarily external sources.  We have a few endowments, but 
they are very... pretty small.  They don’t provide much income, unfortunately.  And some 
of them are very specific about scholarships.  They are totally wonderful, but they don’t 
help me run the program.  They are not operational.  Over the years, we have had many 
different sources of that external funding.  There have been grants that we’ve gotten from 
NSF, from SWE [Society of Women Engineers] …we actually got a grant from SWE once.  
The Engineering Information Foundation.  So, there have been several along those lines.  
But by and large, the biggest source of external funds is corporations, and as you might 
imagine, right now that’s a little tight.”  
 Although the program is inclusive of all women, the program has limited participation 
from women engineers of color.  Although there were not any “hard data” to substantiate the 
program director’s anecdotal details about underrepresented students in the program, she felt that 
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underrepresented women identified with other programs.  In her interview, the program director 
said, “Anecdotally, I can tell you that in the retention programs, we don’t tend to have as many 
domestic underrepresented students.  My feeling about that is that they seem to identify more 
with the Minority Engineering Program Office. But we will certainly get international students, 
Asian American students, Caucasian students.” Because underrepresented students may like 
participating in other programs more than the Pioneer Women Engineers Program, the program 
director thought it may be a good idea to collaborate with those programs; however, this had yet 
come to fruition: “There are some, but they have this great choice.  Do they want to do these 
programs? Do they want to be a part of these programs? And it is probably not feasible to do 
both programs. There are some that said we like women in engineering programs, and that’s 
great. And there are some that say they like minority engineering programs, and that’s great. We 
probably should work together more along those intersections, but we have not done that.”   
For the outreach programs, the director intentionally works to involve diverse students; 
however, the geography of the program does not lend itself to a diverse population of girls.  The 
program director spoke to this issue: “In the outreach programs, we do try very explicitly to have 
a diverse set of participants.  It’s pretty easy for us to get international students, particularly those 
programs that are pretty local.  The programs that are very local, international students, Asian 
American, Caucasian…not as easy to get African American and Hispanic American. It’s almost 
impossible to get Native American students in this area.  But when we do get applications from 






Case 3: Women’s Living Learning Program 
Introduction and Context  
 Case 3 is the Women’s Living Learning Program, which began during the 1993-1994 
academic year through a partnership between University Housing and the Women in Science & 
Engineering programs director.  The program was originally started as a theme community by 
University Housing. A themed community included students who met certain demographic 
characteristics—in this case, women science and engineering majors—and housed them on the 
same floors within a dorm.  
Originally, the program was housed within University Housing; however, after the 
university restructured the housing unit, the program moved to the Liberal Science and Arts 
College. Physically, the program is housed on two floors of a designated dormitory on campus. 
The dormitory is located close to central campus and is within walking distance to the Liberal 
Arts & Sciences building and easily accessible via bus to College of Engineering building. 
Initial funding for the program came from a three-year grant from the U.S. Department of 
Education Fund to Improve Post-Secondary Education. After the three-year grant was finished, 
the College of Engineering, University Housing, and the Vice President of Research fully 
institutionalized the program. Currently, the Women in Residence Program is funded through 
University Housing. Programmatic work has been supported through grants for a limited amount 
of time.  Since programming funding is limited, most of the programming that is offered is in 
collaboration with other programs and departments on campus. 
The Women’s Living Learning Program Director reports to five people on campus. Each 
of the five people are in different departments. The program director reports to three different 
departments, the Director of the Women in Science & Engineering Program, Director of 
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Housing, the Associate Dean of the Liberal Science & Arts College, and the Assistant Dean of 
the Liberal Science & Arts College.  
The program is staffed by 2 FTE that include the Director and Associate Director, one 
part-time administrative assistant, four resident assistants, and two graduate students to support 
administrative work. The program director focuses her responsibilities on finding funding 
opportunities, teaching seminar courses, and building partnerships across the university. The 
program director also directs the Minority Undergraduate Research Community. The associate 
director is responsible for the hands-on, day-to-day management of the program, which includes 
supervising the resident assistants and sophomore mentors, conducting check-ins with first-year 
students, and coordinating academic programming. Resident assistants live in the dorm with the 
first-year students to provide them with social and personal support.  
Residents are first-year students who were admitted to the Engineering, Liberal Science 
and Arts College, Nursing and Kinesiology, or Pre-Health. In the first year of the program, 57 
first-year women who were admitted to a S.T.E.M major within the College of Engineering or 
the Liberal Science & Arts College. The program expanded during the 1994-1995 academic year 
to include 86 first-year students, with 21 returning sophomore students.  During the 1995-1996 
academic year, the program included 110 participants, eight of whom were returning sophomores 
and juniors. Currently, the program includes 100 first-year students, 50 former first-year 
participants who serve as mentors, and 4 resident advisors, with about 60% of participants being 
engineering majors. 
Program Theory 
In the beginning, there was not a professional staff to organize a structured program.  As 
the program evolved, a professional staff was added to focus on the academic side to provide 
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programming and services to supplement the students’ experience in the classroom.  The 
program did not have an academic focus, but rather was focused on providing a theme 
community with solely a housing function.  Under the direction of the current program director, 
the program has placed an emphasis on having an academic focus, as well.  Consequently, the 
program was placed within its academic unit.  As a living-learning community, the program is 
now designed to provide academic and personal support to first-year undergraduate women with 
declared interests in S.T.E.M. or pre/health fields by providing services and support toward 
retaining women.  This allows first-year students to live among and second-year and third-year 
students, creating a support system for women in sciences and engineering.   
The mission of the Women’s Living Learning Program is to recruit, support, and retain 
student in S.T.E.M. fields; link students with resources and opportunities that will support them 
academically and personally; support the development of relationships among students to build 
community; and enhance students’ experiences by providing opportunities.  The goal is for 
students to gain knowledge and opportunities to learn about being a woman in S.T.E.M. to 
increase retention.  
The objectives of the program include the following: 
1. Decrease the isolation of female undergraduates in S.T.E.M, while maintaining or 
increasing self-confidence and self-esteem 
2. Create an integrated model of academic life with residential life by establishing 
special sections of introductory courses 
3. Develop programmatic support for program participants 
4. Provide resources and linkage to enhance undergraduate experiences 
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5. Continually evaluate whether this intervention effort significantly increases the 
retention of female students in non-traditional areas. 
The program activities are geared toward creating a supportive community for first-year 
undergraduate science and engineering women. The activities include workshops and seminars, 
an Engineering 100 seminar, study groups, check-ins with the program staff, and social 
activities.   
Implementation of Feminist-Based Research Framework for Women in S.T.E.M 
 This section provides a description of how the Women’s Living Learning Program 
implemented a feminist research model for women in S.T.E.M.  The findings are presented 
according to each of the four themes: Equity & Access, Curriculum & Pedagogy, Nature of 
Science, and Identity.  The successes and challenges of the program from the perspective of the 
program directors and program documents is included.  The Women’s Living Learning Program 
describes itself as “a supportive and intellectually stimulating out-of-classroom environment and 
peer group for women in science, engineering, and mathematics.”  The program was designed to 
be a support system for women in science and engineering.  
Equity & Access.  Equity and access were addressed by legitimating the program, not 
just as a social residency program for women in science and engineering, but as a full program 
with an academic component.  The program has been viewed a theme community, not a living 
learning community, because it did not have an academic component.  The program director 
wants the Women’s Living Learning Program to be viewed as a strong academic program for 
women, not just a social program.  There is a lack of respect associated with being labeled as a 
theme community as opposed to a living learning community.  The women program participants 
are aware that many peers may view them as needing special help, being less intelligent than 
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men, and needing remedial help, thereby necessitating a special program.  The program director 
said,  
“The women aren’t stupid. They know what all the other learning communities are doing.  
They don’t know about what it means to be labeled a theme community versus a living 
learning, but what they know is that some people perceive it as ‘you need special help.’  
There’s a difference between needing special help and being a place that champions 
what you’re doing, not sees you as needing.  I think there was a feeling sometimes that 
they were remedial in some way: ‘Women aren’t as smart in the sciences, so therefore, 
you need a program.’”  
 The program director said there is not a counter program on campus that is geared specifically 
for men, and to gain more respect and support on campus, there needs to be an academic 
component of the program for it to have legitimacy:  
“There isn't a counter program for men…this just is going to have to change.  And it 
affects our students as we’ve gone long enough with where we’ve been; we’re not going 
to get past that if we don’t really start selling ourselves as an academic community and if 
you’re gonna sell it.  And I thought we were, in terms of bringing in academic speakers 
and such, but that was always going to be the stumbling block.  That has been one of the 
biggest challenges.”  
 The program director faced many challenges in adding an academic component as a part of the 
program. 
Curriculum & Pedagogy.  Because the program is based in the Housing Department, it 
has the perception of being more of a social program.  The program director wants the program 
to become focused on supporting students academically, as well as socially: “The problematic 
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part of that is that it started with that sort of person-to-person, ‘let’s do a program’ kind of thing 
in housing, and it’s never gotten out of that, and that’s been a huge problem.  That’s been one 
thing on my list... the one thing is not, has not, changed and it needs an academic partner.”  In 
lieu of finding an academic partner to legitimize the program, the program director created two 
seminar courses: one for freshman students during fall semester and another course of 
sophomore students during the spring semester. 
Seminar Class. The program director teaches a one-credit membership course of Women 
Living Learning Community participants.  The class is offered in the fall and is designed to help 
students transition to the university.  Students are exposed to skill-building for their field, women 
professionals, and women faculty in science and engineering to discuss their experiences in 
S.T.E.M.  In addition to exposing students to women in S.T.E.M. professionals, they also pair 
freshman students with a sophomore peer mentor.  According to the associate program director,  
“It sounds basic, but we provide them with the community itself, so there is some access 
and support of one another, their peers.  We give every first-year student a peer mentor 
who is a sophomore.  We are really intentional in pairing out engineers with engineering 
students and College of Liberal Arts and Science with College of Liberal Arts and 
Science [students].  Our first-year students give great feedback on our surveys about the 
benefits of having someone assigned to them who’s contacting them over the summer and 
connecting with them monthly once we get here.”  
The freshman seminar class allows students to explore the profession of S.T.E.M which 
helps them begin thinking about their identities as women scientists. The program director noted,  
“So, in terms of curriculum, so all of our first-year students take a one credit membership 
course that…is largely an introduction to the university resources, getting them to begin 
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to think about their identities as women in science or engineering, how that might play 
out in things like group projects, class dynamics, starting to really think about some 
major and career exploration…Their big capstone project is they interview a faculty 
member or a woman in industry in a career that interests them.”   
Based on research and anecdotal experience working with sophomore students, the 
program director also noticed a need to provide sophomore women with a seminar course.  The 
sophomore class is focused on leadership and their experiences.  According to the associate 
program director, “And then we will be adding the sophomore class, which I think, will be really 
good.  Then, we also sort of leadership, I don't know the best way to term it, but a leadership 
series for our sophomore students.  There’s, I think, 6 workshops a semester on different topics, 
and then they get to pick four of them to attend, so that’s to help sort of supplement their 
experience.” 
Facilitated Study Groups. Another part of the program has been facilitating study groups 
for all introductory math, science, and engineering courses.  The study groups are based on the 
model of learning in groups that is highly emphasized in S.T.E.M.  The facilitated study groups 
are led mostly by senior students in the program who have formerly taken one of the S.T.E.M. 
courses.  The program director thought of the facilitated study groups as a way for program 
participants to be become more invested in the program: “It [facilitated study groups] teaches 
the model of learning in groups, which you know is…pretty much in the S.T.E.M. fields, you have 
to be good at that, and so it’s taught by and facilitated by students in the program who’ve taken 
the classes so they see it as a much more...we’re all in it together, not just in the social ways, but 
we’re in it together in ways that are much more deeply invested. So it’s become a program, too, 
of a lot of commitment, but rewards for that commitment.” 
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Nature of Science. Community building is the primary method for how the program is 
addressing the need to change the nature of science.  The secondary goal of the program is to 
support women in science and engineering fields and retain them in their respective fields.  
Support for the women involves helping women participants improve their academic experience 
and self-esteem as women scientists.  The associate program director said,  
“I think we are really supportive, if we find students who discover passions outside of 
science and engineering, we are really supportive of that.  But what we don’t want is 
women to be leaving majors because of factors we feel like we can be supportive of, in 
terms of helping improve classroom environment for them, helping them in terms of how 
they are viewing themselves and their self-esteem and how they feel about managing 
coursework and that type of thing.  We don’t want women feeling like, ‘Oh, it's too hard.  
I don't have the ability to succeed in this field.’  So, that is what we are trying to do.” 
The level of community building or relationship building is unique for student residents 
in the Women’s Living Learning Program because of the many layers of staff support students 
receive throughout the program.  The associate director stated,  
“I think for all the living learning programs, it’s a big benefit for the students, is sort of 
the access to extra staff.  So, for most students who are living at a residence hall, they 
have a hall director who is there, but these students [program residents] have the hall 
director, and then they have me and they have [a] program director and RAs who have 
additional training and expectations for talking with them about issues they may be 
facing as women in these fields.  Our RAs are required to meet for 30 minutes a semester 
with them, which is something that traditional students wouldn’t have access to, so it’s 
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sort of an extra buffer of support and people that they hopefully feel comfortable 
approaching if they are having issues.” 
At three different points throughout the academic year, the program administers a survey.  
The survey is designed to help program staff learn more about the women participants and 
provide them with support.  The program director said, “We’re checking the requirements and 
roles we have in place to see if they are meeting the first-year students’ needs like they are set 
out to do and so measures like that.  We’re looking a little bit at demographics as well—‘Did you 
come from rural Michigan?’ ‘Did you come from out of state?’ ‘How big was your high school?’ 
Later, ‘Are you using study groups? If so, how often did you attend?’ ‘Did you feel that the study 
group benefited you in your class?’” Additionally, the program requires one-on-one meetings 
between the women residents and their Resident Assistant.  These meetings are used to check in 
on students to make sure they are adjusting to the university, their college, and other students.  
During the meetings, the Resident Assistant asks them questions about their transition and 
provides them with additional resources, if needed. 
The program seeks to support the retention of women in engineering, primarily because 
the number of women engineers is low.  According to the associate program director, the culture 
of engineering is difficult, and the program helps women engineers to understand and recognize 
the culture and how to navigate it: “I think the core goals are still the same, just because the 
numbers are so abysmal in terms of engineering and women in engineering.  There’s still a lot of 
experiences in terms of the culture of engineering that are really difficult.  So, I think we are still 
trying to work with them to talk about that and help them understand it’s okay to recognize that 
that’s happening. It doesn’t mean that you are not going to be successful and that you know it’s 
not a bad thing to be a feminist.” The program also noticed differences in the experiences of 
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women engineers and women in the sciences from the College of Liberal Arts and Science.  The 
associate program director credits the difference to more representation of women in biology and 
chemistry as compared to engineering: “I think definitely we’re noticing in terms of LSA majors, 
bio, chemistry, it’s definitely women are much more represented.  They are having a different 
experience than our engineers.”  By acknowledging there is an environment in the College of 
Engineering that women engineers may not have faced before and empowering them to connect 
with feminism, the program addresses the nature of science. 
Identity.  A primary goal of the Women’s Living Learning Program is to support 
underrepresented women through recruitment and retention efforts.  The program director spoke 
to this: “We wanted to keep it simple.  Basically, it’s to support students in their transition from 
high school to college, to support underrepresented students who may not come from high 
schools where they’ve had, you know, AP classes and all the kind of benefits you get from other 
schools, and also to build a community, a strong community.”  The program tries to recruit and 
retain underrepresented women students who have been admitted into the university.  According 
to the associate director, “A big part of the program is students really living with people who are 
different from them and different backgrounds.”  There have been many underrepresented 
women in the program; the program has more students than a comparable minority program on 
campus.  According to the program director,  
“One part of our mission is to, in particular, try to recruit and retain underrepresented 
students, and that remained a focus.  Our underrepresented numbers are stable this year, 
pretty solid, especially compared to the other programs… And, um, we are getting, we 
maybe had a couple more international applicants this year, but we definitely have far 
more compared to the other programs.  We've got more African American students, more 
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Hispanic students, Indian students.  So, I wish I could, I wish there was a way to say, 
‘Well, it’s because we did this.’  We didn’t change anything in terms of our recruitment.”   
According to the associate program director, the program has a higher percentage of 
women of color in their program than attend the university: “In terms of our numbers, I think 
last year we had about 10 percent of students of color, so for that, we really look at African 
Americans and Hispanic students primarily.  Believe it or not, it’s higher than the university 
average, but not where we want it to be.  We want our program to be more diverse.” 
In terms of recruiting underrepresented students, the program partners with the 
Admissions Office on recruiting trips to cities that have a higher population of underrepresented 
students.  A recruitment team made up of the Associate Director and current students attend the 
recruiting trips to public high schools in larger cities.  
“We [Women’s Living Learning Program] have a recruitment team of students that [the 
Associate Director] recruits and hires, and so they go on these trips, maybe a couple of 
them.  I think high school students are far more interested in hearing from Beth than me.  
And so, we go to maybe half a dozen things, and in the fall term… We go back and do a 
second round in the spring, and it’s aimed at those kids that were admitted to the 
university.  And then what we are trying to do is make sure they accept the university’s 
admission.”   
The program director has also mentioned word of mouth as another recruitment tool: 
“We, also, I think, have a lot of word of mouth.  A lot of our underrepresented students, in 
particular, know about us because they have friends here that have been a good tool for us, as 
well.”  Ultimately, the program director thought the best tool for recruiting underrepresented 
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students is the school recruitment visits, stating, “I think the tool for us in diversity is going to the 
[inner city] public high schools.” 
 The program subtly works to helps students find their feminist identity.  Women who are 
admitted to the university have been told all their lives that they are successful without having to 
attach that success to their gender.  However, when these women come to the university, 
particularly the College of Engineering, they participate in study groups with male students; 
often, they describe their role in the group as the scribe, not having any real input. The program 
director stated,  
“We have a lot of challenges with students who, I think is a good thing, have been 
encouraged by parents and told, ‘You're great.  You’re going to do this.’  And then when 
they get here and they are in a math group and assigned to be the scribe by male 
classmates or whatever, they don’t want to sort of see what’s happening, ’cause I think 
they don’t want to get off their track of having to be ‘I’m going to be successful.’  A lot of 
students not wanting to be labeled a feminist, and us wanting to talk about that.  They are 
sometimes like, ‘Whatever, fine.’”   
Initially, the women are dismissive of the environment or what they are experiencing in relation 
to their male classmates; however, the associate program director noted that as these young 
women matriculate, they want to discuss the feminist issues: “I think a lot of it is developmental.  
We noticed a lot of first years have that reaction, but then by junior year...like our RAs are 
wanting to talk about it all the time.  Some of it is just where they are at developmentally.  We do 






 The Women’s Living Learning Program views success from the students’ perspective 
and how they feel about the program.  The program administers surveys throughout the year and 
uses the results and student’s comments to determine their success.  Below are comments from 
students regarding how they feel about the program: 
“Helped me enjoy all the benefits of attending a larger university by giving me a smaller 
community to fall back on when I got overwhelmed by school or the sheer number of 
students at the institution.” 
“Being a member of the program made my transition to college life and the university 
very smooth.  As part of the community, I became aware of many helpful resources and 
collaborated with peers who were experiencing the same transitions, challenges, and 
classes as I was.  I made friendships that I know will last the next four years and 
beyond.” 
“The program provided me with people to talk to about anything, activities to participate 
in during the week or weekend, study groups for classes so that I can be academically 
successful, possible career paths through workshops and seminars, and lifelong 
friendships with women I met through the program.” 
Although the program does not have any quantifiable or specified outcomes for the 
program, the program director still feels the program is very successful.  The program finds 
success in providing support to students and giving them access to various resources.  The 
program director addressed the success of the program:  
“We don’t have specific stated outcomes, but in terms of providing the kind of support  
across the board to students, um, I’m feeling confident that each student has access, full  
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access, to everything that we do.  I’m very confident that each student is living in a  
community that is fully committed to them.  I’m very confident about that…I feel very  
confident that every student has complete access to everything we say they’re going to  
have access to and that they are living in a community that values diversity, that values  
student success, that, um, is there to help you access the resources to student success.”  
 In terms of long-term success, the program director thought the program instills values in the 
women that will empower them when they encounter problems even after graduation:  
“Long-term is, hopefully we have instilled kind of ways of thinking and approaching 
problems both academically and personally that stuck with them, that you know we’ve 
kind of always used the toolkit everybody talks about.  You know, giving them this toolkit.  
But for lack of a better analogy, I’d like to think that we are giving them, providing them, 
examples of things and actions that are things repeatable, that they’ll do on their own 
next time…that we’re just kind of showing them the way and that they’ll be able to do 
that.”  
 Programmatic success is defined by the program as empowerment.  
Challenges 
One challenge of the program has been the lack of support it has received from Housing, 
the College of Liberal Arts and Science, and the College of Engineering.  The Women’s Living 
Learning Community is a part of the overall Women’s Science Engineering Program.  As part of 
another program, the director of the Women’s Science Engineering Program has been the main 
person making college connections, controlling funding streams, and building collaborations 
within the College of Engineering.  The issue is that the program director of the Women’s Living 
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Learning Community is not allowed to cultivate relationships and direct programming on her 
own without going through the overall program.  The program director addressed this issue:  
“I would say, in Engineering, I would say I don’t know if they are even aware [of the lack 
of support]. We’ve had the associate dean over here to speak. So, I guess he knows it’s  
here. But I think he thinks it is run by Amy, and that it’s her program. He wouldn’t know 
me if he ran into me. And, so that piece is like a whole half of our identity that doesn’t  
exist and I am not allowed to cultivate. I’m not allowed to go up there and build  
relationships...I don’t think I’m equipped based on connections and politics. Amy is way 
more connected in Engineering, not in College of Liberal Arts and Science.”  
The lack of support from the College of Engineering has impacted the funding for the program. 
The Women’s Living Learning Program is the only living learning program at the 
university that is designed for women in S.T.E.M., and it receives half as much funding as the 
other programs.  The program director expressed concern about the financial support the 
program receives: “Everybody agrees that it shouldn’t be the case, but no one will step up to 
assist in funding; instead, funding has been routed in other directions, to new programs that 
exist that are doing what we’ve been doing for years.  But meanwhile, we…I can't get $10,000 as 
a partnership budget.”  Because the program has students from both the College of Liberal Arts 
and Science and the College of Engineering, the program director thinks more substantial 
funding should come directly from both colleges.  Under the current financial structure, the 
program send funds to the overall Women in Science and Engineering Program, and that 
program funnels funds to the Women’s Living Learning Program.  However, very few funds are 
funneled to the program, according to the program director:  
“The problem is that we don’t get money from them [College of Engineering]. I think a  
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bigger part of that problem is that they think they are supporting us because they’re 
supporting the WISE program, but we don’t get...I don’t think they get that different pot 
of money.  I think they are quite certain that they are supporting us because LAS thought 
they were.”   
The program does not receive any funding for program operations from the College of 
Liberal Arts and Science, although the program gives $75,000 annually to the Women in Science 
and Engineering Program.  In fact, the College of Liberal Arts and Science investigated the issue, 
but no changes were made after the investigation.  The program director spoke to this issue:  
“We have no, zero, dollars for any operating.  Nothing.  So, LAS didn’t believe me: ‘No, 
we’re giving $75,000.  You have to be getting some.’  ‘No, we’re not.’  It, um, they made 
their financial person investigate, and I said I told, but they still don't do anything about 
it.  So, that’s been an incredible source of frustration for me...an incredible source.  Not 
to mention just the politics of an abundance of riches going certain routes when we’re 
doing, you know, we’re here.  We’ve been doing outstanding work.  We’ve been 
supporting so many women so successfully, and new programs are coming up that are 
getting six figures to get going, and I could use $10,000.”   
The lack of financial support for the program has been an increased source of frustration for the 
program director.  To increase financial support, the program director has tried to work with the 
partner colleges; however, their involvement has been limited. 
The program director has limited involvement with the College of Engineering.  
According to her, she has not been allowed to speak with anyone at the College of Engineering 
about its financial support of the program, even though the college acknowledges the value of the 
Women’s Living Learning Program in increasing the number of women engineers:  
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“Engineering really wants to increase their numbers of women, so they know the 
programs like this are valuable.  If you want to increase, they know they need to keep 
focusing on that, but I’m 100% convinced that they are supporting us.  They don’t, and 
I’m not really allowed to meet with anyone in engineering to make them aware due to 
people above me, so it’s been an incredibly frustrating thing for me because I’m not 
allowed to talk to anyone in engineering to make them aware.  The only people I could 
talk to are Housing and LAS, and both acknowledge that this is a problem.”  
 The program director highlighted the differences in funding between the Women’s 
Living Learning Community and similar programs. She made an argument that the programs 
could be working together to eliminate duplication of services and to increase funding for the 
Women’s Living Learning Program.  The program director spoke about the frustration during the 
interview:  
“Then, when the S.T.E.M. Academy came along, it was like, ‘Hello, that’s the same 
mission that we’ve had all along.’  Why are they getting all this money and scholarships 
for students when I can’t get enough money to cover our study group facilitators? And we 
have, it’s amazing to me that the university even let it go forward just from the standpoint 
of duplication of services…You know, so, I think there’s things like that at a big 
university where we’re not working together.  I think we are working separately on so 
many things.”   
Knowing that the program is doing good work by engaging current participants, alumni, and 
staff, but being denied equity in funding, compounds the frustration.  The program director spoke 
to this:  
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“An incredible source of frustration with me…because once you meet the students, once 
you meet these women and see what they’re doing and hear them talk about the program, 
it’s just incredible.  Our alumni, I’ve got them involved in the program; they’ve come to 
the class, some of them last year.  We got women [who are] only 25 years old whose, one 
of the major design people on the new Volt for GM, and just doing incredible things, and 
they love coming back.  So, it’s like I’ve got all these great people, great stuff, and you 
know we’re not getting the support we need…The same goes with my staff and the 
salaries.  Our Associate Director is at the bottom, significantly at the bottom, compared 
to Associate Directors in the other learning communities.  So, we’ve still have a long way 
to go...put it that way.” 
Summary 
 This chapter presented individual case descriptions for three Women in S.T.E.M 
intervention programs and how each program may follow a feminist research model for women 
in science.  Each case description was presented with excerpts from interviews and program 
documents to support each theme represented in the model: equity and access, curriculum and 
pedagogy, nature of science, and identity.  Also, case descriptions included discussions of the 
challenges each program faces and how the programs describe success.  Each case (i.e., program) 
is unique in how they address each theme of the model.  Although each case is unique, there are 
also themes that can be seen across cases.  The next chapter will provide a cross-case analysis to 
identify themes that occur across cases that may provide insight on how programs implement a 









 Chapter Four discussed the context, the program theory, implementation of a feminist-
based research framework, program successes and challenges for each of the three Women in 
S.T.E.M. intervention programs. This chapter looks across all three cases to learn about the 
program theory and intricacies of implementing women in S.T.E.M intervention programs that 
align with a feminist research-based framework. 
 Beginning by viewing the cross-cases, this chapter will present both deductive and 
inductive analysis across all three cases and outlying broader themes. The deductive analysis was 
broken down by each of the research questions.  For program implementation, the analysis was 
outlined by the four themes of feminist-based research: Equity & Access; Curriculum & 
Pedagogy; Nature of Science; and Identity. Analysis also included the successes and challenges 
of the programs. The analysis includes nine themes: Recruitment, Program Activities, 
Community Building, Funding Diversity, Adequate Staffing, Formal Evaluation, Alumni 
Support, Student Experiences, and College/University Support. This chapter will also present 
themes that represent a broader summary of the findings for each research question. 
Cross-Case Summary of Findings 
 The summary of findings consists of themes across all three cases and any outliers that 
may be important to each of the following research questions: 
1. What is the program theory (underlying assumptions, goals, activities, and outcomes) of 
each S.T.E.M. strategic research site from the perspective of the program 
administrators/directors? 
 
2. To what extent are the four themes as identified through feminist-based research 
framework (equity and access, curriculum and pedagogy, nature of science, and identity) 




3. How does each strategic research site account for successes and challenges in the 
persistence of women in the field of S.T.E.M.? 
 
Research Question 1: Program Theory   
The theory and philosophy of the program is defined in the program’s mission statement 
and drives implementation of the program.  There are theoretical underpinnings of the program 
that show up in the program’s mission and activities.  The underlying assumption or theory for 
each of the program is that women in S.T.E.M. function in a S.T.E.M environment that is not 
welcoming.  Therefore, women need a welcoming, supportive, and encouraging environment 
outside of their department to help them persist in their field.  Based on this assumption, the 
mission for each program states that the program will provide encouragement for women to help 
retain them in S.T.E.M. and provide a supportive environment for women while in college. 
The Pioneer Women in Engineering Program provides an example of how program 
theory influences the program model.  Originally, the program was based on assumptions that 
women are not as knowledgeable or as equipped as men in engineering. There was an 
assumption that women were deficit and needed support to be just as good as men in S.T.E.M. 
Therefore, the program provided classes and workshops to introduce women to engineering, such 
as remedial training.  Over time, there was a shift in the assumptions about women engineers 
that, in turn, shifted the philosophy and mission of the program.  The philosophy shifted from 
preparing women to be equipped to work like men to encouraging connections between women 
and giving them opportunities to be successful as women. Building connections is now central to 
the program’s mission and objectives. 
Each of the program activities were categorized by recruitment and retention. 
Recruitment for each of the programs included activities to encourage high school girls to enroll 
	
137 
in a S.T.E.M. field, such as, campus tours, engineering discovery days, or recruitment trips to 
high schools. Retention activities are designed to maintain women’s interest in their selected 
S.T.E.M. field once they have enrolled in the university. The retention activities, such as, 
mentoring, tutoring, and living learning communities are provide opportunities for women to 
connect each other and women role models.  
Research Question 2: Implementation of a Feminist-Research Based Framework 
The summary of findings for this research question are presented according to each of the 
themes: equity and access, curriculum and pedagogy, nature of science, and identity. 
 Equity & Access.  Two of the programs in this study addressed issues of equity and 
access in their programs through their philosophy. The Future Women in Engineering Program 
has a philosophy of equity and access in that both women and men receive advising services and 
participate in undergraduate research. The philosophy behind this is that women do not 
necessarily need to receive separate support from men, but they may need support and skill 
development that may sometimes include men. The Pioneer Women in Engineering Program 
shifted its philosophy from a deficit model for addressing women in S.T.E.M. to providing 
women with support by encouraging them to build connections. 
The outlier for equity and access was the Women’s Living Learning Program.  The 
program was not seeking to directly address equity and access with women participants, but 
rather was addressing the overall perception of the Women’s Living Learning Program. The 
Women’s Living Learning Program aimed to be equitable with similar programs on campus. 
Curriculum & Pedagogy.  All the programs have at least one seminar class for women 
participants.  The Future Women Engineers and Pioneer Women in Engineering programs have a 
seminar course for first-year students.  The Women’s Living Learning Program has two seminar 
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classes, one for first-year students and another for second-year students.  All the seminar courses 
include presentations from women alumni or professionals.  Each of the seminar classes has 
similar goals, such as providing practical information with academic and career goals, facilitating 
interaction with women role models in science and engineering, and discussing strategies for 
succeeding in science and engineering. 
All three programs had an informal mentoring component that is embedded in the 
seminar classes, facilitated study groups, or tutoring offered.  Only one program, Pioneer 
Women in Engineering Program, had formal mentoring programs.  For all three programs, the 
mentoring component consisted of second-, third-, or fourth-year students mentoring first-year 
students.  Informal class-based mentoring, facilitated study groups, and tutoring happened 
because older students were hired in a staffing role (e.g., tutor). The formal mentoring programs 
(i.e., Pair and Peer) from the Pioneer Women in Engineering Program designed their pair 
program to match first-year students to older students based on similar characteristics. For the 
peer mentoring program, the matching occurred more organically based on the students who 
were accepted to participate in the program. 
Two of the programs had a tutoring component. The Pioneer Women in Engineering 
Program had a traditional tutoring program, and the Women’s Living Learning Community had 
facilitated study groups.  The traditional tutoring program provided homework help by upper-
classmen to first-year students in introductory math, chemistry, and physics courses.  Similarly, 
the facilitated peer study groups are offered for introductory math and science courses.  
The one outlier is the Future Women Engineers Program, which has an academic 
advising service because the program director is also an associate dean in the College of 
Engineering. Having a program director that is also an associate dean provides women engineers 
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with additional academic support. The program director can assist with course schedules, review 
course grades, and adjust course schedules based on prior course performance.  
 Nature of Science.  All three programs focused on the nature of science by addressing 
the climate of science and engineering fields through creating connections for women scientists.  
Whether they created connections through building faculty/student relationships, connecting to 
the students’ respective departments, connecting students to each other, connecting the program 
to other university programs or departments, or connecting students to program staff, all 
programs prioritized making connections to address the culture of science. 
 All three programs addressed the nature of science through diversity efforts, whether 
those efforts were on the program, college, or university level.  The Future Women Engineers 
and the Pioneer Women in Engineering program directors directly acknowledged an effort by 
their respective college or university to address diversity.  The college dean made diversity as a 
priority and outlined diversity in the college’s strategic plan. The Future Women Engineers 
Program is one program within he college that addresses diversity. Both the Future Women 
Engineers and Pioneer Women in Engineering program directors are representatives for diversity 
and inclusion on campus by directing participating on university committees or supporting 
departments with their efforts to support women. The Women’s Living Learning Program 
intentionally recruits and accepts students from different racial/ethnic and socioeconomic 
backgrounds. 
 Identity.  All the programs address women’s identities as a part of how they provided 
support for women participants and how they describe the program to women.  Based on the how 
women acknowledge or identify their identities as a woman, each program describes itself in a 
manner to specifically fit how women identify themselves.  For example, the Pioneer Women in 
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Engineering Program did not call themselves a “retention program” when speaking to women 
engineers, but instead discussed the program as community building.  Along similar lines, the 
Future Women Engineers Program noted that women did not see themselves as women, but as 
engineers; many women do not feel a desire to attend activities that are specifically labeled as 
being for women. 
 The Women’s Living Learning Program was the only program that addressed cultivating 
a feminist identity.  The program directors thought it was critically important for women to 
develop a feminist identity, so they illuminated the challenges women face in S.T.E.M majors.  
Program staff noted the progression in students’ feminist identity by their junior year. 
Research Question 3: Success and Challenges 
Program success can be categorized into two areas: community building and student 
experiences.  All three programs consider community building as a critical aspect of their 
program.  Community building consists of women scientists making connections with other 
women, whether those women are peers, program staff, faculty, or alumni.  Each program 
incorporated community building into their program offerings.  The Future Women Engineers 
Program discussed helping the women form a network to assist them with their transition to 
college and different college experiences.  The Pioneer Women in Engineering Program 
emphasizes “being connected” to each other because having connections and a community 
resonates well with women.  Community building is a part of the mission statement for the 
Women’s Living Learning Program.  It states that the part of the program is to “support the 
development of relationships among students to build community.” 
 Two programs noted how women program participants felt about different program 
components.  The Women’s Living Learning Program collected student views on the program.  
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The program conducted a focus group with participants, as well as women and men controls, to 
capture their experiences of living in a learning community.  Residents in the Women’s Living 
Learning Community noted the importance of experiencing an atmosphere that helped them 
adjust to the university and classes, as well as the importance of feeling like part of a community. 
In comparison, non-residents/ non-participants, noted not having a community or people with 
similar majors in their resident hall and how they would be more motivated to work if they had 
that type of support.  The Pioneer Women in Engineering Program conducts evaluations of their 
mentoring program.  One of the questions in the evaluation asks students in what ways the 
program has been helpful.  Students noted networking with other female engineers about classes, 
receiving advice, or listening to speakers as the most helpful parts of the program.  
In terms of challenges that hinder implementation of a feminist research model, all 
programs reported funding as a major challenge. The challenge with funding is the lack of 
diversified funding to support programmatic services.  Each program noted that salaries were 
covered by the college or university; however, the funds received from the university or college 
were not enough to cover all program services.  Therefore, program directors seek additional 
sources of funding, including from corporations and alumni.  Those funding sources, particularly 
alumni donations, often fluctuate.  
 Staffing is a challenge for all the programs.  Each of the programs has a relatively small 
staff that is responsible for delivering the day-to-day services and activities of the program.  
There are only two full-time employees of each program: the program director and associate 
director.  To effectively deliver programming, all programs rely on students for part-time 
employment to support tutoring, mentoring, summer camps, and outreach services.  The Future 
Women Engineers Program was in the middle of a staffing transition and did not have an 
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associate program director or coordinator; therefore, some program activities were being led by 
students until the position was filled.  The Pioneer Women in Engineering Program utilized 
graduate students and a student-led leadership team to support outreach, recruitment, and 
retention activities. 
 Even though all programs conduct informal student surveys to gain an understanding of 
student experiences, none of the programs had conducted a formal evaluation of the overall 
program.  The Future Women Engineers Program did have an evaluation of their Engineering 
Camp that was conducted by a S.T.E.M initiative on campus.  Both the Pioneer Women in 
Engineering Program and the Women’s Living Learning Program presented at women 
engineering conferences about the impact or results of the program components (e.g., mentoring 
program); however, there was not a conference paper or presentation about the whole program.  
Thematic Analysis 
 Through the cross-case analysis and summary of the major findings included in each 
individual case analysis, nine themes were identified in consideration of implementing a 
successful Women in S.T.E.M intervention program. These themes represent a broader summary 
of the findings related to each research question and are categorized by question.  The nine 
themes are summarized in Table 1. 
Program Theory and Implementation 
The following themes were identified from the programs as practices for program theory and 
implementing a feminist-based research framework:	
1. Recruitment.  Recruitment is the method by which programs recruit women to 
participate in their intervention program.  Each of the programs participate in recruitment 
events with the university.  Women in S.T.E.M Intervention Programs collaborate with 
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university and college admissions offices to ensure more women are interested in and 
applying to S.T.E.M. majors.  Programs supporting the admissions office in recruiting 
women to attend the university are the programs only recruitment method.  Examples of 
recruitment efforts are campus visits, campus tours, recruitment trips, “Engineering 
Days”, and summer camps.  
All programs are open to any woman who has been accepted into the university.  
However, the Women’s Living Learning Program was the only program that intentionally 
recruited women from diverse backgrounds to attend the university and encouraged them 
to apply to be a resident in the living learning community. 
2. Program Activities.  This theme represents the services, supports, and activities the 
programs offer to engage women participants.  The feminist-based research framework 
identified program strategies that are effective in addressing women’s persistence in 
S.T.E.M., such as mentoring, tutoring, research experience, workshops, and seminars.  
Each program offers a combination of different program activities as strategies to retain 
women.  Examples of program activities that have been implemented include academic 
advising, undergraduate research, mentoring, tutoring, seminar courses, and workshops. 
3. Community Building.  This theme refers to the emphasis the programs place on women 
participants making connections to their peers, program staff, faculty, and alumni.  
Community building consists of anything that helps women to connect to people, such as 
orientation programs or mentoring programs.  The programs build connections for 
women through workshops and seminars with women professionals, one-on-one 
relationships with staff, women mentors, women tutors, team building through 




In terms of challenges that have hindered implementation of the program model, the following 
themes have been identified: 
1. Funding Diversity.  This theme represents having diverse streams of funding to support 
programmatic efforts.  Each of the programs described its funding sources and challenge 
of maintaining sustainable funding sources for programming.  Salaries for the program 
directors and associate directors are primarily covered by the college.   
2. Adequate Staffing.  This theme represents having the program properly staffed to 
support program activities.  Staffing has a connection to funding.  Limited funding makes 
it difficult to hire adequate staff to support all programmatic efforts and expand 
programming to reach all the needs of participants.  Staff for the programs primarily 
consist of a full-time program director and associate program director.  Programs must 
rely on student support to deliver program activities, such as camps, orientations, 
tutoring, and mentoring, as well as to provide resident assistants. 
3. Formal Evaluation.  This theme represents a systematic, formal evaluation of the 
program to determine quality and merit.  Although programs may conduct student 
surveys at the end of seminar courses or even throughout the year to get students’ 
perspectives or suggestions on how to improve the program, none of the programs have 




Since none of the three programs has had a formal evaluation and may not have quantitative 
data regarding the graduation rate of women in S.T.E.M, this study sought to gain an 
understanding of how the programs account for success.  The following themes were identified: 
1. Alumni Support.  This theme represents engaging women alumni to support the 
program and program participants.  Alumni support is an indicator of success because it 
is a demonstration of how much the program helped them be successful when they were 
women undergraduates.  Examples of alumni support include presenting at seminar 
classes and workshops, providing individual financial gifts, and providing opportunities 
for current students to have real-world S.T.E.M. experiences. 
2. Student Experiences.  This theme represents women participants’ experiences and 
perspectives of program activities and services.  Program directors value how students 
feel about the programs.  Having students indicate positive experiences because of their 
participation in the program has helped the programs determine success.  Student 
experiences were gathered by surveys and focus groups administered by the program. 
3. College/University Support.  This theme represents support from university and college 
administration and faculty.  College and university support is an indicator of success 
because it demonstrates a commitment to improving the climate for women in S.T.E.M. 
majors and support for efforts to retain women in S.T.E.M.  Examples of college and 
university support include college deans advocating for the program, invitations to 
participate on department, college, and university committees, faculty providing student 





 In conclusion, program theory is based on the philosophy undergirding the program and 
how the theory influences the program model. Each of the programs’ mission and model 
includes recruitment and retention efforts to support women’s interest in S.T.E.M. and their 
persistence in their selected S.T.E.M. major. There were nine themes to address the 
implementation of the feminist-based research framework, success, and challenges. Recruitment, 
program activities, and community building are three themes that relate to the program theory 
and implementation of the feminist-based research framework. The three implementation 
themes: recruitment, program activities, and community building are categorized by recruitment 
and retention, as stated in each program’s theory. Alumni support, student experiences, and 
college/university support are themes that account for program success outcomes. Lastly, 
funding diversity, adequate staffing, and formal evaluation are themes that are challenges for 
programs in program theory and implementation of a feminist-based research framework. The 
following chapter will provide an explanation of the nine themes related to program theory, 
feminist-based research framework, as well as implications for practice and research on women’s 


















DISCUSSION AND IMPLICATIONS 
  
 Chapter Five discussed a cross-case analysis that summarized findings across all three 
cases and presented overall themes that represent a broader synthesis of the findings for each of 
the research questions.  This chapter discusses how the themes connect to program theory, 
implementation of a feminist-based research framework; implications for practice, research, and 
theory on women’s persistence in S.T.E.M.; limitations of the research study; and future 
directions for research.  
Discussion 
 The ability of Women in S.T.E.M Intervention Programs to implement a feminist-based 
research model is dependent upon addressing the themes of research (equity and access; 
curriculum and pedagogy; nature of science; and identity) through program strategies.  These 
strategies set the foundation for a successful program that increases the persistence of women in 
S.T.E.M.  As discussed in Chapter Five, there are a variety of themes identified that support 
program theory and implementation of a feminist-based intervention program.  Four of the 
themes had significance on successful implementation of the program: program activities, 
community building, alumni support, and college/university support. 
Program Activities 
 Program activities are the strategies used to engage women in a program.  Program 
activities include academic advising, seminar courses, mentoring, tutoring, facilitated study 
groups, workshops and seminars, undergraduate research, and living learning communities.  
Across all the programs, there was a combination of program activities to engage women in 
S.T.E.M.  Even if the program was originally designed to have only one component, such as the 
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Women’s Living Learning Program, there were multiple activities in which women could 
participate.  There is not one activity that best engages women, but rather a combination of 
activities that support women’s persistence.  An integrated approach works best for women in 
S.T.E.M intervention programs.  Programs need to employ multiple strategies to combat barriers 
that hinder progress of underrepresented groups along the S.T.E.M. pathway (Tsui, 2007).  
 Program directors noted that some of the program activities, such as undergraduate 
research and academic advising, are offered to both women and men to be beneficial for all 
students.  Although this study focuses on women’s persistence, there may be evidence to suggest 
that effective programming could benefit both men and women (e.g., first-year seminar courses, 
interaction with faculty, quality relationships with other students, academic advising, academic 
assistance) (National Survey of Student Engagement, 2005).  
Employing multiple activities or strategies allows programs to be more comprehensive in 
their approach, which engages more women with varying interests and attracts more support 
from college, faculty, and alumni.  A comprehensive program allows for more opportunities for 
stakeholders to participate in and contribute to program delivery.  Therefore, programs should 
design and implement a comprehensive set of strategies and activities to increase women’s 
persistence.  
Community Building 
 As all program directors noted, community building is critical to the success of their 
programs.  Community building is not just simply stated in their mission; it is woven throughout 
all the program activities and interactions.  Community building refers to creating networks for 
women that consist of their peers, program staff members, faculty, and women professionals.  
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Programs need to make sure that women are developing bonds and networks across multiple 
groups of people to build supportive relationships. 
Community building is an intervention to stop leaks on the S.T.E.M pipeline. The term 
refers to building community through organizations or networks so that participants can support 
one another and have a greater sense of belonging (Watson and Froyd, 2007).  Mentoring, 
learning communities, and tutoring are examples of community building activities that enable 
students to see themselves as belonging to a community and “fitting in” with people who look 
like them or have similar experiences and who are working toward a common goal. 
 Each of the three programs has a mentoring program component.  The peer mentoring 
programs like the two in the Pioneer Women in Engineering Program are considered non-
traditional mentoring programs.  Peer mentoring programs represent an alternative mentoring 
strategy that simultaneously builds community and de-emphasizes seniority (Chesler & Chesler, 
2002).  These non-traditional, alternative mentoring strategies are considered to be more 
successful for women in S.T.E.M. than traditional mentoring programs (Chesler & Chesler, 
2002). 
Alumni, College, and University Support 
 The findings of this study suggest that programmatic success depends upon the level of 
support received from alumni and the college or university.  Alumni support includes providing 
funding, mentoring, presenting at workshops and seminars, and providing opportunities for 
women to gain real-world experiences in their major field.  Alumni support was not specifically 
discussed in the literature, but it can be considered as an influential relationship because of the 
role alumni play in modeling success.  The same is true when engaging the college and 
university in programmatic activities; this provides an opportunity for women to develop 
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influential relationships with faculty members.  The relationships that women form with 
professors contribute to their persistence because faculty are considered role models for women 
students (Johnson, 2012). 
Engaging college and university support also allows faculty members to see women 
scientists differently, which may help change the climate of science.  As mentioned in the 
findings, program directors have been invited to participate on college- and university-level 
committees to advocate and represent for women in S.T.E.M and to consult with other 
departments about how to better engage women. 
 The findings show that college and university support has a major impact on funding and 
program expansion.  The Future Women in Engineering and the Pioneer Women in Engineering 
programs have college deans that promote diversity and engagement of underrepresented 
populations in engineering.  Because of the dean’s commitment to inclusion, programs may 
receive more funding; for example, the Pioneer Women in Engineering Program received 
additional funding directly from the college, as well as invitations for grants based on the dean’s 
commitment to women engineers. Similarly, the Future Women in Engineering Program could 
receive more direction from the dean with involving women in research and other opportunities. 
However, when programs do not have college and university support, they have fewer 
opportunities to employ multiple strategies for retention because they have less financial support 
and program advocates. For example, the Women’s Living Learning Community struggled to get 
adequate funding from the College of Engineering. The program also met challenges when 
attempting to add an academic component to the program for women in engineering. In 
conclusion, having alumni, college, and university support are critical, fundamental elements to 




 This study sought to understand the program theory of Women in S.T.E.M. intervention 
programs as strategic research sites. Each of the programs has underlying assumptions and 
philosophy about women’s interest and persistence in S.T.E.M. The assumptions and philosophy 
for each program includes recruiting and retaining women in S.T.E.M. by providing supportive 
activities for women to persist. The program activities align with the four themes of the feminist-
based research framework: equity and access, curriculum and pedagogy, nature of science, and 
identity. Equity and access activities include academic advising and undergraduate research. 
Curriculum and pedagogy activities include seminar classes, freshman orientation programs, 
engineering camps, tutoring, and facilitated study groups. Nature of science include participation 
in department, college, and university committees and faculty/college support. Identity is 
addressed through collaborations with other campus programs, community building, and 
intentionally recruiting diverse women program participants. The programs account for success 
through alumni support, college/university support, and student experiences. Lastly, the 
programs’ challenges are funding diversity, adequate staffing, and formal evaluation. Many of 
the themes presented and the strategies within each theme support the development of a program 
theory that includes themes from a feminist-based research framework. As this study is based on 
program theory, implementation, successes, and challenges, this study provides important 
contributions in the field for pushing forward an agenda for practice, research, and theory. 
Implications for Practice on Women’s Persistence in S.T.E.M 
 In terms of implications for practice for women in S.T.E.M intervention programs, the 
following are practical considerations: support services for women and college/university 
support.  First, it is critical for programs to have activities and services that directly connect to 
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women.  These activities and services can be separated into three categories: community 
building, cognitive ability development, and occupational choice development (Watson and 
Froyd, 2007).  Community building support activities should encourage network building with 
women’s peers, women scientists, and program staff.  Examples of community building 
activities are mentoring groups, living learning communities, and workshops and seminars led by 
women scientists.  Cognitive ability development activities help students address areas of 
“weakness.”  Such activities should include tutoring, facilitated study groups, and academic 
advising.  Occupational choice development involves exposing women to more S.T.E.M. 
opportunities, such as undergraduate research.   
Second, programs should seek to engage more support from college and university staff.  
Research has shown that interventions should focus on changing the student as opposed to 
seeking cultural change at an institution or at departmental or faculty levels (Fox, Sonnert, & 
Nikiforova, 2009).  Program directors need to include college administration in program 
activities and continue to engage faculty through creating research and speaking opportunities.  
The more college and university faculty members can be engaged in programmatic activities, the 
more likely it is that the climate of S.T.E.M. will change. 
Implications for Research on Women’s Persistence in S.T.E.M 
 As a part of a larger research study, this study sought to understand the program theory 
and efficacy of women in S.T.E.M intervention programs. Future studies could move the 
research forward by looking more closely at women participants.  For example, programs could 
look at how they address intersecting identities of women.  Most these programs serve white 
women; it would push research forward if studies address how these programs can better serve 
women of color, women from varying socioeconomic backgrounds, and women with varying 
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sexual orientations.  Research could address one single identity or the intersection of these 
identities. 
 Furthermore, several topics emerged from the analysis that could not be addressed in this 
study, including women’s science identity, the creation of student agency in a department, and 
the role of alumni support.  The formation of a science identity is also a lens through which to 
understand women’s persistence.  Their identity formation is an important variable regarding 
their educational outcomes (Pascarella & Terezinini, 2005).  With the development of science 
identity, women will be more apt to utilize their agency when confronted with climate issues in 
their department.  Last, the role of alumni support is critical in helping students develop their 
science identity and persist in S.T.E.M. (Carlone and Johnson, 2007). Future studies could look 
at the impact of women alumni on developing a science identity and its effect on women’s 
persistence. 
Implications for Theory on Women’s Persistence in S.T.E.M 
 The theoretical framework guiding this study is based on a feminist-based research, the 
four themes of equity and access, curriculum and pedagogy, nature of science, and identity 
provide an understanding women’s representation in S.T.E.M.  Although this study was 
conducted across multiple land grant universities, there may be insights gained by conducting a 
similar study with the same theoretical framework at different institutions, such as historical 
black colleges and universities. 
 Although this study used themes from a feminist-based research framework, it is 
unknown whether programs have a theoretical model that guides program implementation. One 
goal of this study was to gain an understanding of the program theory; however, none of the 
program theory model developed based on a formal articulation of a guiding theory. It would be 
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beneficial for each program to logically make connections between their philosophy, 
assumptions, activities, and outcomes.  There is value in fully developing a working theory that 
will help programs with implementation and assist in the development of research and evaluation 
agendas for their program.  
Limitations of Research Study 
 This study has several limitations.  First, this study used qualitative research methods, 
which do not allow for generalization of results.  Therefore, results from the study cannot be 
generalized to other women in S.T.E.M intervention programs.  Although the goal of the study 
was not to generalize results, but to gain a better understanding of how programs address 
women’s persistence in S.T.E.M, the ability to generalize results could have greater influence on 
the implementation of a feminist-based model.  Second, as with all qualitative studies, there is 
potential for researcher bias.  Attempts to made to minimize this bias.  Chapter three addressed 
researcher trustworthiness and the researcher’s role in the study.  Third, data collection was 
limited to program director interviews and program documents.  Future studies should employ 
additional qualitative methods to better understand the programs studied (e.g., student focus 
groups, program activity observations).  Fourth, a considerable length of time transpired between 
data collection and analysis.  The data for the program were collected in 2010 and 2011; 
however, the analysis of the data occurred in 2015 and 2016.  Over the course of time, there 
could have been changes to the programs that may have had an influence on analysis.  Fifth, two 
of the three cases were programs in the College of Engineering.  To gain a better understanding 
of S.T.E.M intervention programs, more cases should come from a wider range of S.T.E.M. 




Future Directions of Research 
 Based on the limitations of the study, there are several suggested areas for future 
research.  First, a mixed-methods study that includes a multiple-case studies and quantitative 
data (e.g., longitudinal data about freshman cohort matriculation at land grant universities) could 
be conducted.  Second, future research could target each one of the feminist-based research 
model themes separately (e.g., equity and access, curriculum and pedagogy, nature of science, 
and identity).  Conducting a targeted examination of each of the themes would allow for more 
specific strategies to address each theme.  Third, to create generalizable findings, this study 
could be a first step in developing a quantitative study to better understand how the program 
models that support women’s persistence can be replicated. 
Conclusion 
 The significance of this study lies in capturing the voices of women who implement 
women in S.T.E.M programs.  Understanding how these program directors account for success 
other than looking at matriculation and graduation rates provides a texture to a normative story 
of success.  The untold stories provide examples of best practices for program implementation to 
address women’s persistence in S.T.E.M, challenges for implementing these programs, and 
alternatives to success metrics.  The findings of this research study can provide women in 
S.T.E.M intervention programs with evidence to support the strategies that women scientists 
deem helpful in completing the S.T.E.M pipeline.  More importantly, this study provides 
implications for addressing the underrepresentation and persistence of women in S.T.E.M. 
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APPENDIX B 
DISTRIBUTION OF FULL-TIME WAGE AND SALARY EMPLOYMENT FOR WOMEN 
AND MEN, BY MAJOR OCCUPATIONAL GROUP, 2013 ANNUAL AVERAGES 
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APPENDIX C 
DEGREES CONFERRED BY DEGREE-GRANT INSTITUTIONS, BY LEVEL OF 
DEGREE AND SEX OF STUDENT: SELECTED YEARS, 1970- 2011 
Degrees conferred by degree-granting institutions, by level of degree and sex of student: 
Selected years, 1970 through 2011 
Year 
Bachelor's degrees 
Total Males Females 
Percent 
female 
1970-71 839,730 475,594 364,136 43.4 
2010-11 1,715,913 734,133 981,780 57.2 
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APPENDIX D 
DEGREES IN HIGH STATUS, HIGH PROFILE S.T.EM. FIELDS CONFERRED BY 
DEGREE-GRANTING INSTITUTIONS, BY LEVEL OF DEGREE AND SEX OF 
STUDENT: 2010-11 
Degrees high status, high profile S.T.E.M. fields conferred by degree-granting 
institutions, by level of degree and sex of student: 2010-11 







of total Number 
Computer Information Sciences 2010-11 43,072 35,478 7,594 17.6 
Engineering Technologies 2010-11 93,117 77,100 16,017 17.2 
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APPENDIX E 
SUMMARY OF THEMES RELATED TO IMPLEMENTATION OF A 




Recruitment Recruitment of women to participate in the programming 
Program Activities Services and activities the program offers to engage women 
participants 
Community Building Emphasis on making connections with peers, staff, faculty, 
and alumni  
Challenges 
Funding Diversity Diverse streams of funding to support salaries and 
programming 
Adequate Staffing Proper staffing of the program to support the activities and 
participants 
Formal Evaluation Systematic program evaluation to determine the success and 
merit of the overall program 
Successes 
Alumni Support Engagement of alumni to support the program and 
participants 
Student Experiences Descriptions of women’s experiences and perspectives of 
program services or activities 
College/University Support Support from administration and faculty with program 
implementation 
